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T IS an honor to be invited to give the lecture named in honor of 

Edward Starr Judd. To a remarkable degree he combined those 
qualities which one would readily ascribe to the ideal surgeon, remark- 
able clinical judgment, masterful operative technique, an inquiring mind 
eager to solve some of the baffling problems of our profession, humane 
gentleness and kindliness in dealing with those distressed and worried 
by their illness, the ability to inspire others less gifted to attempt to 
reach to the stars. It is a pleasure to be able to pay this brief tribute 
to him. I am one of many who admired him and who were: inspired 
by him. 

Forty-one years ago (1896) there appeared the first extensive book 
devoted to thoracic surgery. This work, by Stephen Paget,’ contains the 
following statement : ‘‘It is sometimes said that surgeons fifty years hence 
will think as little of our results as we think of the methods of fifty years 
ago. So far as regards the surgery of the chest, this is utterly untrue. 
Fifty years ago, it had risen above the horizon, it is now nearly at its 
zenith. Indeed, it is possible that we may see its upward movement 
checked.’ 

Nearly fifty years have now elapsed since that statement was made, 
and it seems fitting that those of us who are now particularly interested 
in thoracic surgery should take stock of what has been accomplished. 
Paget’s scholarly book makes a serious attempt to present the status of 
this branch of surgery throughout the world at the time. In order to 
have a proper basis, therefore, of comparing the field of thoracie surgery 


*Judd Lecture, presented on February 38, 1937, at the University of Minnesota 
Medical School, Minneapolis, Minn. 

*Truc’s monograph in French had appeared in 1885, “Essai sur la chirurgie du 
Poumon,” Paris, 1885, but it was not nearly so extensive as Paget’s book. 
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in the year 1937 with that in the year 1896, let us pause briefly to review 
the book. For the most part this work of 479 pages deals with the sur- 
gical treatment of conditions of the chest wall, such as injuries of various 
kinds, malformations, tumors, ete. Empyema and other pleural effusions, 
however, receive much attention. So far as the lung itself is concerned, 
surgical intervention at the time consisted chiefly apparently of opening 
cavities for external drainage, whether they were of pyogenic or tuber- 
culous origin. Mention is made of the cases of Tuffier and of Lowson in 
which in two patients the apex of the lung was successfully removed for 
tuberculosis. However, Paget condemns the operation and even men- 
tions the incident of the suicide of an unnamed surgeon following an 
unsuccessful attempt to remove both apices in a ease of tuberculosis. 
How often have many of us surgeons felt inelined to follow that example 
when death has unexpectedly and tragically intervened to block our 
efforts to restore a patient to health by an operation! The accepted 
method of treating mediastinal tumors was by drainage if they were 
cystic, but otherwise no operation was considered advisable. The recog- 
nized surgical conditions of the heart were pericardial effusions of vari- 
ous kinds. No ease of successful suture of a wound of the heart was 
known to Paget. Indeed the first one was that of Rehn which was pub- 
lished in the same year as the appearance of Paget’s book. Roberts,? 
of Philadelphia, a better prophet than Paget, fifteen years previously, 
however, had predicted that the time might come when the heart muscle 
would be sutured in some cases of wounds. Elkin’s* recent publication 
of his seven successes in thirteen cases of sutured heart wounds is a 
confirmation of that prophecy. 

Probably it is easier to be a historian than a prophet. At any rate it 
is apparent to anyone today that Paget was about as wrong as possible 
in his prophecy despite the fact that he probably had a more scholarly 
knowledge of thoracic surgery than anybody else of his time. 

The most important factor in retarding the development of chest sur- 
gery seems to have been the fear of entering the free pleural cavity. The 
danger of death from open pneumothorax was a matter of common 
knowledge to the ancient Greeks, and it has been only during the last 
twenty years or less that practical and adequate safeguards have been 
developed to prevent the serious consequences of operating within a free 
pleural cavity. The Great War furnished numerous examples of the 
possibility of operating within the pleural cavity to remove missiles of 
various kinds, and an entirely unjustified impression became prevalent 
that the danger of open pneumothorax had been greatly overestimated. 
Some even concluded that operations could be performed within the 
pleura with the same impunity as within the abdomen. Careful studies 
showed, however, that although such a conclusion was erroneous, never- 
theless individuals with a relatively high vital capacity (for example, 
5,000 ¢.c. or above) could withstand for a short time a large opening in 
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the chest wall. On the contrary, in those with a low vital capacity a 
much smaller opening would prove fatal unless the mediastinum were 
stabilized to a sufficient extent to prevent its shifting. The introduction 
of the factor of the vital capacity and its relation to the size of the open- 
ing which could be tolerated by the patient gave us a much clearer 
understanding of the whole question. The practical solution of the prob- 
lem which has really made possible a fearless entering of the thorax for 
surgical procedures has been the development of intratracheal and of 
intrapharyngeal anesthesia which permits the rhythmic inflation and con- 
sequent aeration of the lung under positive controlled pressures. Prob- 
ably to Meltzer and Auer belongs the chief credit for the development 
of this type of anesthesia although various pioneers preceded them. But 
even this very practical aid to operating within the chest did not come 
into general use until the reasons for it had been forcefully brought to 
attention by the experiences in the Great War and the physiologic 
studies which came out of it. 


Another important factor in the retardation of thoracic surgery was 
the lack of precise diagnosis of intrathoracic conditions. The develop- 
ment of the use of the x-ray to its present remarkable state of accuracy 
could hardly have been predicted by Paget in 1896, for Roentgen had 
announced his discovery in only the preceding year. Again the invention 
of direct bronchoscopy by Killian, of Mainz, in 1898 has been of enor- 


mous assistance in perfecting the diagnosis of lesions within the tracheo- 
bronchial tree and in the treatment of some intrathoracic conditions. 

It will not be possible in the course of a single lecture to discuss ex- 
tensively the surgical accomplishments which have followed the funda- 
mental discoveries just mentioned. Let us, however, examine some of 
them. Let us begin with empyema, perhaps the first of the intrathoracic 
conditions recognized as best treated by surgical methods. Two prin- 
ciples in the treatment of this condition seem now to be firmly estab- 
lished, of which one is that empyema is essentially a surgical disorder 
demanding surgical drainage in nearly all cases. The other principle is 
that open drainage during the developmental stage is fraught with so 
much danger to the life of the patient that it should not be undertaken. 
Until the time comes when specific therapy against the infecting organ- 
isms is at hand it seems probable that these two principles will stand. 
They were recognized empirically by Hippocrates but because the under- 
lying rationale of them was not understood until the period covered by 
the last two decades they were largely lost sight of. The terror of the 
epidemic which afflicted the United States Army camps in 1917 and 1918 
was increased by the fact that many needless deaths occurred because 
the surgeons believed that early open drainage should be induced even 
before the inflammatory reaction had developed into an abscess. We 
now know that empyema in itself rarely causes death. The deaths which. 
occur are due almost entirely to the pneumonia of which the empyema 
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is only a complication or to the unwise creation of an open pneumo- 
thorax for drainage purposes during the period of active pneumonia. 
The particular danger to the patient lies in the fact that at that period 
of the disease his vital capacity may be only slightly greater than the 
tidal air requirement. The danger of death from asphyxia is therefore 
very great if the respiration is embarrassed still more by the presence of 
an open pneumothorax. Various improvements in the technique of drain- 
age and in other particulars which have been introduced in recent years 
are distinet advantages. Closed drainage, to mention only one, is one of 
them. These matters, however, are essentially details which the limitation 
of time will preclude my discussing. After all it is the principles in 
which we are most interested. Because of the establishment of the two 
principles mentioned, future epidemies of influenza associated with 
empyema are not likely to terrify us so much as did the last great 
epidemic.* 

When we consider the lung we find that the situation has been revolu- 
tionized. This revolution concerns not only our conceptions of what con- 
stitutes surgical pulmonary conditions and improved methods of treating 
them but even in some instances our fundamental ideas of the conditions 
themselves. Abscess of the lung is a good example which shows the 
progress which has been made. Our understanding of this disease has 
been enormously ¢larified by the studies which have shown that probably 
in the majority of instances it is the result of the aspiration of the proper 
sort of infectious material into the lung combined with an inability to 
cough it out, although in some eases embolism is undoubtedly the respon- 
sible etiologic process. Again, probably in the majority of cases, the 
organisms which are chiefly important are various putrefactive anaerobes 
which inhabit the mouth and are particularly likely to be associated with 
pyorrhea alveolaris. Many such organisms have from time to time been 
incriminated, spirochetes and fusiform bacilli of various kinds and more 
recently the Bacterium melaninogenicum (Burdon, K. L.,°? and Varney, 
P. L.*). The chief etiologic significance of this knowledge is that opera- 
tions in dirty mouths under general anesthesia, which both increase the 
risk of aspiration and reduce the expulsive cough, carry a special danger 
of the development of a pulmonary abscess as a complication. Applieca- 
tion of this knowledge by the laryngologists within recent years seems 
greatly to have reduced the number of cases of lung abscess. The diag- 
nosis, through the assistance of the x-ray and the bronchoscope, has been 
vastly improved. Likewise the therapy has been advanced. We know 
now that in many positively diagnosed acute cases spontaneous cures 
oceur by the use of such simple measures as postural drainage and 
bronchoscopy. Surgical drainage is used boldly in those cases in which 
improvement seems not to be occurring promptly. 


*It seems probable also that the use of sulphanilamide in the streptococcal cases 
may prove to be very beneficial. 
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In the field of pulmonary tuberculosis the results of properly applied 
surgical measures would doubtless seem ineredible to Paget and his con- 
temporaries. To Brauer and Friedrich belongs most of the credit for 
planning and initiating the modern operation of extrapleural thoraco- 
plasty, although this operation has been greatly modified since their time 
and other auxiliary surgical procedures have been added. The first 
operation in the modern sense was performed by Friedrich‘ at Brauer’s 
suggestion just thirty years ago (1907). Today modifications of that 
operation are effectively restoring to normal activities untold thousands 
who could not be benefited in any other way. Not only are they being 
saved from death and being restored to their usual occupations but they 
are no longer menaces to their families and associates because they no 
longer expectorate sputum loaded with tubercle bacilli. In the exten- 
sive review of the reported cases made by Alexander® in 1925 he found 
that approximately two-thirds of properly selected patients with chronic 
tuberculosis who were treated by modern surgical methods were regarded 
as either cured or greatly improved. The mortality rate within the first 
few weeks of the operation was 13.5 per cent. Today the percentage of 
successful results has undoubtedly greatly increased and the mortality 
from causes that might be ascribed to the operation has fallen to well 
under 10 per cent. In the best risk patients the operative mortality, even 
of thoracoplasty, has been reduced to the neighborhood of 1 or 2 per cent. 
If we could point to no other accomplishments of thoracic surgery than 
its enormous value in this universal scourge, we could still be proud of 
what it has done. 


It has been noted that in the very successful attack on pulmonary 
tuberculosis the operations have been of a kind which do not imply the 
resection of any of the diseased lung tissue but that on the contrary they 
are for the most part performed outside of the pleural cavity. In prin- 
ciple, therefore, they have veered away from the pioneer operations of 
Tuffier and Lowson in which portions of the lung were removed. For the 
condition of bronchiectasis, however, the more recent surgical develop- 
ments have gone back to the early principles after a lapse of many years 
during which the more radical principle of removing the diseased tissue 
was discarded. From the time of the early animal experiments of 
Gliick,? Bloek,'® Biondi,'! and others, in 1881 and 1882, the thought has 
been present that in cases of bronchiectasis the ideal treatment would be 
resection of the diseased portions of the lung if the operation could be 
made reasonably safe. But the early operations for this condition on the 
human were disheartening because of the high mortality. However, as 
has been so often the case in the development of a new surgical proce- 
dure, one of the reasons for the excessive mortality was that only the 
most desperately ill patients consented to the performance of the opera- 
tion. Heidenhain” is usually credited with the first successful lobectomy 
in 1901. Lilienthal’s’® impressive series of 34 cases was completed before 
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1925, but there was an associated operative mortality of 61 per cent. 
Others who undertook these operations also had high mortalities. My 
own first lobectomy in 1921 was followed by a thoroughly satisfactory 
result, but the next two died. It was but natural, therefore, that at- 
tempts should be made to devise other methods of treatment which would 
permit a reduction of the mortality. Various substitutes for lobectomy 
were tried. The procedures which had been found effective in the col- 
lapse of tuberculous cavities were tried, but, on the whole, they proved 
unsatisfactory. It became more and more realized that an adequate 
treatment of bronchiectasis must be one in which the diseased portion of 
lung is either removed or destroyed. All other procedures are in a sense 
only palliative. In 1923" the writer published a method whereby the 
adherent diseased lobe could be destroyed gradually with an actual 
cautery with less mortality than was prevalent at the time from lobee- 
tomy. For various reasons the method proved unsatisfactory in cases of 
advanced cylindrical bronchiectasis. There are patients, however, whose 
main lesion is multiple chronic abscesses, albeit associated with bron- 
chiectasis in the region, who seem to be favorable subjects for this opera- 
tion. In such cases lobectomy has been found to be very dangerous and 
simple external drainage is usually ineffective. Unless the diseased 
region is eradicated, the life expectancy is usually not more than two or 
three years. In 54 eases of that sort in which I have performed the 
operation 36 patients, or 67 per cent, have been able to return to their 
normal activities. Six, or 11 per cent, have died from the operation. Of 
the remaining 12 patients, 2 were moderately improved; 3, slightly im- 
proved; and 7, not improved. The encouraging fact remains that two- 
thirds of the patients, who represent a hopeless class of invalids, were 
sufficiently restored to health to go back to their regular work. 

In 1929 Brunn’’ revived interest in the operation of lobectomy by re- 
porting before the American Association for Thoracic Surgery 6 eases, 
with 4 cures, 1 improvement, and 1 death. In the few years which have 
elapsed since then the operation has found such vogue that in several 
hundred cases it has now been performed. An operative mortality of 
only 10 per cent or less is not unusual. In my own last 17 eases there 
has been only 1 death (5.8 per cent mortality). At the last meeting of 
the American Association for Thoracic Surgery, Churchill’® was able to 
report a series of 49 cases with 6 per cent mortality but no mortality at 
all in his last 30 cases; and O’Brien" at the same meeting reported a 
series of 15 cases with 1 death. These results indicate in a most striking 
manner the progress which has been made, and they demonstrate that 
the operation in experienced hands is a thoroughly feasible procedure. 
Moreover, it has been learned that the most suitable cases for the opera- 
tion are those of cylindrical bronchiectasis in children who at the time 
are free from evidence of acute pneumonitis. After the age of thirty-five 
or forty years, the operation becomes distinctly hazardous. The presence 
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of bilateral disease, however, is not necessarily a contraindication. 
Several instances of bilateral lobectomy (in more than one stage) have 
now been recorded, of which Shenstone’s was the first. An obvious les- 
son to be derived from all of this is that children who are afflicted with 
eylindrical bronchiectasis, especially if it is confined to one lower lobe, 
should have an operation for lobectomy before the effects of chronie in- 
toxication from the disease will make the operation too hazardous and 
before the child will develop the unfavorable psychological reactions 
resulting from more or less social ostracism and lack of attendance at 
school. 


The next subject which J should like to diseuss with you is that of 
primary carcinoma of the lung and I should like to discuss it more ex- 
tensively than some of the other subjects because of its great impor- 
tance. Since Paget’s day we have learned that instead of its being a 
rare condition it is actually a very common one. Different compilations 
of statistics would indicate that this condition constitutes from 5 to 10 
per cent of all cancers. That of Junghanns,'® for example, shows in sta- 
tistics from various parts of the world that this type of carcinoma repre- 
sents from 2.6 to as high as 19.3 per cent of all carcinomas. We have 
learned also that practically all, if not all, primary carcinomas of the 
lung arise in the bronchial epithelium. Fried’? locates their origin 
precisely in the basal layer of the bronchial epithelium, and Tuttle and 
Womack”? from a study of 60 of our cases agree with his conclusions. 
The varied cellular morphology which one sees in these tumors (squa- 
mous ¢ells, adenocarcinomas, ‘‘oat’’ cells, ete.) is all to be explained by a 
transformation of the basal cell into one of the various types of cells of 
which different tumors and even different parts of the same tumor are 
composed. 

The frequency of bronchiogeni¢ carcinoma is sufficiently great to make 
us all alert to its recognition. Yet it is disheartening to find, at least from 
our experience at St. Louis, that in the great majority of cases the 
physicians who have first seen the patients have not even considered as 
a possibility the true nature of the disturbance. Let us examine briefly, 
therefore, some of the most important diagnostic criteria. In our own 
cases the most common complaints have been in the following order: 
cough, chest pain or discomfort, dyspnea, sputum, hemoptysis or streak- 
ing of the sputum with blood, and ‘‘chest colds.’’ A tumor which arises 
in a bronchus is likely to induce not only coughing and the expectora- 
tion of blood; but it is easily understood how, if it is large enough, it will 
cause an obstruction of the bronchus, and following that an atelectasis of 
the corresponding lobe. It is the atelectasis which is probably chiefly 
responsible for the discomfort or pain in the chest and the dyspnea. 
Again, as a consequence of the bronchial obstruction, various complica- 
tions oceur, notably bronchiectasis distal to the obstruction and infection 
of the lung with resulting abscess formation and sometimes even em- 
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pyema. The obstruction caused by the tumor is not, however, neces- 
sarily permanent at first. Variations in the amount of infection and 
edema of the tumor will produce changes in its size and consequently 
variations at different times in the amount of atelectasis which it causes. 
It is astonishing how often in the literature there appear reports of 
alleged improvements in bronchiogenie carcinoma treated by the x-ray 
which are based really on the erroneous assumption that the region of 
atelectasis observed is a true image of the tumor itself and on the assump- 
tion that beeause of a diminution of the shadow which is really that of 
the atelectatic portion of the lung the tumor is showing a marked retro- 
gression. The region of atelectasis will sometimes clear spontaneously 
to a marked degree because of the variations in the swelling of the tumor 
already mentioned. Actually in most cases the tumor itself will not be 
recognizable in an x-ray examination. Despite this fact, however, the 
x-ray examination is of the utmost value in the diagnosis. Any patient 
beyond middle age who presents evidence of an atelectasis and who is 
known not to be tuberculous should be suspected of having bronechio- 
genie carcinoma. Especially is this true if the patient is a man. More- 
over, he need not be of middle age, for in many instances carcinomas in 
this region have developed in patients between twenty and thirty years 
of age. If, in addition to the evidence of an atelectasis on the x-ray film, 
an instillation of lipiodol reveals a definite block of the bronchus, the 
suspicion of carcinoma will be greater. 

The most important factor in the diagnosis, however, is the broncho- 
scopic examination. In approximately 75 per cent of cases it is possible 
for the bronchoseopist to see the tumor and to remove a portion of it for 
biopsy. In those eases, however, in which it has arisen in one of the 
smaller bronchi, it may be impossible to visualize it directly. It becomes 
evident from this brief discussion of the diagnostic features that in 
approximately three cases out of four it is possible to make a positive 
diagnosis of the condition, apart from mere conjecture or suspicion. If 
one ineludes the late cases in which evidence of marked extension or 
metastasis exists and in which a biopsy of the metastatic lesion or an 
examination of pleural fluid or of the lung itself by thoracotomy is made, 
an accurate diagnosis is possible during life in nearly every instance. 

From the patient’s standpoint the question of the treatment and of the 
prognosis is of more interest than the diagnosis. If a particular pa- 
tient should read the literature which has accumulated on this subject 
during the last ten years he would doubtless gain the impression that he 
would have a fairly good chance of recovery with x-ray therapy, removal 
of the tumor by a snare through a bronchoscope or even with diathermy. 
There are many optimistic articles which give that impression. Espe- 
cially enthusiastic have been the roentgenologists, some of whom have 
reported impressive series of patients apparently well three or more 
years after x-ray therapy. There are certain difficulties, however, about 
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accepting these reports. In many of the cases no biopsy was taken, and 
even in many in which a diagnosis of carcinoma was made by a micro- 
scopic examination no description of the microscopic appearance of the 
tissue is given. It happens that benign lesions of the bronchi, sometimes 
mistaken for carcinoma by inexperienced pathologists, are not unecom- 
mon. There can be little doubt, therefore, that many of the cases re- 
ported as carcinoma have actually been examples of benign conditions, 
and the enthusiasm expressed about the effects of the x-ray therapy has 
therefore been unwarranted. As an example of what I have in mind, 
let me cite the praiseworthy work of Manges,?! of Philadelphia. In 1932 
he published a series of 27 cases of supposedly positively diagnosed 
carcinoma subjected to treatment by roentgen therapy. At that time he 
thought that in 5 cases he had very gratifying results in that 2 patients 
were living more than nine years later; 1, six years; and the 2 others, 
more than three years. However, the biopsy specimens were submitted 
to another pathologic examination later, and in a second article®? pub- 
lished after the reexamination he candidly states that all of the 5 pa- 
tients just mentioned were found to have benign lesions. Of those cases 
which at the reexamination of the slides were still considered to be ma- 
lignant the longest duration of life was only four years and most of the 
others were for much shorter periods. In other words, in spite of the 
optimism for x-ray therapy which one might gain from reading his 
first article, no optimism could be gained from the second one. Even the 
patient who lived for four years does not offer grounds for enthusiasm, 
for many patients with this disease live that long or even longer without 
any treatment. Chevalier L. Jackson,?* also, more recently has published 
a paper stating that a diagnosis of a benign lesion had been made in a 
reexamination of the material which his father and he had collected in 
certain cases regarded at the time as malignant and remaining well for 
many years. Thus one is forced to be somewhat skeptical about many of 
the eases in the literature reported as having been arrested by x-ray or 
other minor forms of therapy. If the tumor is at all advanced, there is 
no satisfactory evidence that radiation therapy is of any avail, at least in 
the manner in which it is ordinarily used. In 19 of our patients who 
were treated by Dr. Sherwood Moore and his staff of the Mallinckrodt 
Institute of Radiology with thoroughly modern Roentgen ray equipment, 
not the slightest beneficial effect could be observed. Nevertheless men- 
tion should be made of certain exceptional cases. Tudor Edwards** 
states that in many eases it is possible to effect a disappearance of the 
growth in the bronchus by the use of radium and that in one case there 
was a period of three years of freedom from recurrence (up to the time 
of reporting). Unfortunately, however, he neglects to give us a satis- 
factory description of the microscopic appearance of the tumors in those 
cases, and he admits that in the majority of his cases the use of radium 
has been ineffective. 
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Fig. 1—See opposite page for legend. 
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C. I. Allen®® has reported a case in which, following a lobectomy for 
carcinoma, a persistence or recurrence of the tumor was made to disap- 
pear on four occasions during an interval of four years by the direct 
application of radon into the tumor. Again I have had an experience 
of a somewhat similar sort with one patient. Because of a squamous cell 
carcinoma of the lower lobe bronchus, an attempt was made to perform 
a total removal of the lung which, however, had to be abandoned on ac- 
count of adhesions to the great vessels which seemed to me to make the 
operation too dangerous. Accordingly I removed only the lower. lobe, 
and in doing so I left a portion of the carcinoma. Through the open 
wound Dr. Moore directed a massive dose of x-rays right at the bronchial 
stump and the remaining portion of tumor completely disappeared as 
was noted by bronchoscopie examination. The patient died at home four 
months later, however, of a metastasis to the brain, but his physician 
wrote that there was no evidence of a return of the local tumor. Such 
examples as I have mentioned strongly suggest that perhaps at some 
time a technique may be developed which will permit us to deal effee- 
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Fig. 1.—Woman, fifty years old, with carcinoma obstructing left upper bronchus. 
The entire left lung was removed through the incision illustrated in Fig. 5. A, Pre- 
operative lipiodol x-ray film. The upper lobe bronchus is blocked by the tumor. B, 
In the photograph made six months after operation the patient is trying to show her 
scar to the photographer. No ribs were removed. C, Photograph of the removed 
lung after it was split open longitudinally. There is much infiltration with tumor 
tissue especially in the upper lobe, and the upper lobe bronchus is seen to be filled. 
D, Film made six months after operation. The right lung and mediastinal contents 
have moved over into the left thorax to fill the space caused by the removal of the 
left lung. The deviation of the trachea is plainly seen. The opacity of the left thorax 
is due partly to the presence of the mediastinal organs and partly to thickening of the 
pleura. The patient has no symptoms. LF, Photomicrograph of microscopic structure 
of tumor. This is an infiltrating but slowly metastasizing carcinoma. 
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tively with certain early cases of bronchiogenic carcinoma by irradiation 
therapy, but there is no indieation that such a method exists at the 


present time. 
The most effective method at our disposal today would seem to be a 
‘adieal extirpation of the tumor. Here the same surgical principles seem 


Fig. 2.—Child, four years old, with infected congenital cystic disease of right lung. 
A, In order to obtain adequate outlining of the cavities it was necessary to inject 
lipiodol directly into the lung through the chest wall. B, Photograph of the removed 
right lung after it was split open. Numerous cysts are evident. OC and D, Photo- 
graphs of the patient nine months after operation. The posterior scar represents the 
site of a drainage by means of a catheter inserted through an interccstal.space. E, 
X-ray film nine months after operation. The reasons for the opacity of the right 
chest are the same as those mentioned under Fig. 1. The lipiodol shadows in the upper 
part of the thorax are caused by a slight residual amount of lipiodol in the chest wall 
following an infiltration at the time of the injection. 
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to be applicable as elsewhere in dealing with cancer. The removal of the 
whole organ involved seems more likely to be effective than the removal 
of only a part of it. It is not surprising, therefore, that the operation of 
lobectomy in general has been unsatisfactory. The patient of Allen’s was 
living, at the last report, four years after a lobectomy, but there had 
been frequent recurrences in the bronchial stump which were treated 
with radium. So far as I know that patient has had a longer duration 
of life than any other patient recorded. On the other hand the total 


Fig. 3.—Child, eight years old, with total bronchiectasis of left lung following the 
aspiration of a peanut four years previously. A, Shows involvement of upper as well 
as lower lobe. B, Drawing of removed left lung showing both external aspect and 
cut section. C, X-ray film eighteen months after total pneumonectomy. D, Photo- 
graph of patient eighteen months after operation. After the mammary gland has 
developed, the scar will be practically invisible. 
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removal of the lung not only offers a better opportunity to get rid of all 
the involved lung tissue itself, but it also provides the additional advan- 
tage of being able in many instances to remove all of the pulmonary 
lymphatics and even many of the mediastinal lymph glands. Unfortu- 
nately it is impossible to present an imposing array of statistics on this 
matter at this time. The whole question of total pneumonectomy is too 
recent to permit that. The operation in my first case, which happened to 
be the first total pneumonectomy for carcinoma and incidentally the 
first successful total removal of the lung in one stage, was performed on 
April 7, 1933.2° Although the patient is still entirely well and free from 
any evidence of securrence or metastasis almost four years after his 
operation, it is perhaps still too short a time to feel that a permanent 
cure has occurred. The result nevertheless is distinetly encouraging. In 
another case of mine in which a total removal of the lung was performed 
for carcinoma the patient is alive and well almost a year after the opera- 
tion. It is difficult to know with certainty in how many cases the opera- 
tion has been performed successfully (that is, with survival of the pa- 
tient). Survivals after operation have been reported, however, by Rien- 
hoff,?’ Overholt,?* Flick,?® and Archibald.*° It would probably be a con- 
servative estimate to state that, in all, twelve or fifteen patients have 
survived the operation of total pneumonectomy for carcinoma. Many 
more patients will be operated upon successfully after certain technical 
problems have been solved and after the medical profession has been 
educated up to the necessity of sending the patients for operation before 
the disease is too far advanced. It would seem, for reasons already ad- 
vaneed, that the total removal of the lung is now a feasible procedure in 
eases of bronchiogenic carcinoma and that the operation probably offers 
more hope to victims of that disease than any other method of treatment 
now available, although it would scarcely have been thought possible a 
decade ago. So rapid is the progress that is being made in the field of 
thoracic surgery. (Fig. 1.) 

The employment of the operation of total pneumonectomy, however, is 
not confined to cases of tumor. The operation is now finding an even 
wider field of usefulness in cases of cystic disease or congenital bron- 
chiectasis or even of acquired bronchiectasis involving a whole lung. In 
this condition many more successful results have been obtained, and the 
number is rapidly increasing. In addition to three successful cases of 
my own in children, I know of about fifteen more in which the operation 
has been performed by a variety of surgeons. (Figs. 2 and 3.) <A good 
review of the literature of cases of total pneumonectomy reported up to 


Fig. 4.—Large dermoid cyst of anterior mediastinum. A, In the x-ray film the 
tumor is seen projecting over to the right side. B and C, are photographs made at 
the time of the discharge of the patient from the hospital, four weeks after the opera- 
tion. Two years later the scar was practically invisible. The small scar below the 
line of incision marks the site of a closed intercostal drainage to allow the collected 
fluid to escape from the pleural cavity. D, In the photograph of the specimen it will 
be seen that the long diameter of the cyst is more than 13 cm. FH, This x-ray film 
made six months after the patient’s discharge shows how impossible it would be to 
detect that the patient had ever had an intrathoracic operation because of the com- 
plete absence of any deformity. 
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1934 is given by Haight*! who was the first in this country to remove an 
entire lung for bronchiectasis by allowing the lung to slough out after 
ligating the hilus. 

Before closing this brief and rather superficial review of the aececom-. 
plishments of thoracie surgery in the last forty years, it would be un- 
fortunate not to mention two other conditions in which a marked advance 
has been made. I refer on the one hand to mediastinal tumors and on 
the other hand to the heart. In Paget’s day about the only treatment 
applicable to tumors of the mediastinum was the drainage of those which 
were cystic. Now we realize that, if we exclude aneurysms and sub- 
sternal adenomas of the thyroid, the tumors of the anterior mediastinum 
are in general of two kinds. One of these is that group which comprises 
those tumors which arise in the lymph glands or the thymus. Such 
tumors as a rule are malignant but they undergo marked temporary 
retrogression with x-ray therapy. In our opinion surgical treatment is 
not indicated in those cases. The other group comprises a number of 
tumors arising from different elements. In this group one may find al- 
most any of the ordinary benign tumors, but of particular importance 
are those which seem to arise definitely in misplaced fetal remnants, such 
as the dermoids and teratomas. It is not generally realized that thoracic 
dermoids and teratomas arise almost exclusively in the anterior medi- 
astinum. The tumors of this group are radioresistant, and they should 
be removed by a surgical operation unless other features of the patient’s 
condition contraindicate their removal. It is especially important to re- 
move teratomas because of the great danger of their becoming malignant. 
Tumors of the posterior mediastinum as a rule are derived from nerve or 
bone elements. They are seldom affected by x-ray therapy. Our usual 
procedure in handling a tumor of the mediastinum is to subject it first 
to a course of x-ray therapy. If it shows a distinct diminution after such 
treatment, no operation is performed. If, on the other hand, it is not 
affected by irradiation, operative removal is performed. Again, it is 
astonishing to those who have not kept abreast of the progress in thoracic 
surgery that such tumors, even large ones, can now be removed with a 
mortality of only.approximately 10 per cent or less and moreover in such 
a way that there is no deformity of the chest. Out of a total experience 
of 45 mediastinal tumors, exclusive of aneurysms and substernal thy- 
roids, we have been able to remove 9 with 1 death which occurred three 
weeks after operation from an infection of the mediastinum. Five of 
these were dermoids. I have purposely omitted from the discussion those 
examples of mediastinal tumor which represent metastatic involvement 
of the mediastinal glands with carcinoma from elsewhere in the body. 
They belong to a different category and present no indication for 
surgical interference. (Fig. 4.) 

As regards the heart, mention has already been made of the great im- 
provement in mortality effected in penetrating wounds of that organ. 
For a number of vears attempts by surgical methods have been made to 
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Fig. 5.—By means of this submammary incision an excellent cosmetic result can be 
obtained after the removal of many mediastinal tumors and even a whole lung. The 
breast and pectoralis major muscle are dissected upwards. Several costal cartilages 
are divided and an intercostal incision is made. The divided ends of the cartilages 
are sewn together with a cutting needle and No. 2 chromic catgut. Another suture 
of No. 2 eatgut is placed around the two lowest ribs concerned. The cosmetic result 
is so good in women that after a yeer or two it is impossible to detect that they have 
undergone an operation. Even an x-ray photograph will fail to reveal any evidence 
of the operation. Somewhat similar incisions have been used by Rienhoff and Over- 
holt. 
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relieve the symptoms, if not actually to improve the condition of the 
heart itself, in angina pectoris. The operations on the sympathetic 
nervous system, although at first encouraging, have proved to be of so 
little permanent value that apparently in recent years they have been 
largely abandoned. The same ean be said for the more recent operation 
of total thyroidectomy for this condition. During the last two or three 
years, however, Claude Beck* and his colleagues have attacked the prob- 
lem with a new principle which is brilliant in conception and which seems 
to have accomplished very encouraging results in some of the patients 
to whom it has been applied. It seems to me probable that in selected 
eases Beck’s operation will be found to be far more satisfactory than 
any other known method of handling these distressing cases. From the 
known evidence that in such cases the fundamental trouble is an ischemia 
of the myocardium from partial occlusion or spasm of the coronary 
arteries, Beck undertook to improve the circulation of the heart muscle 
by a more direct method than had hitherto been employed. He found 
in carefully conducted experiments on animals with coronary occlusion 
that new blood vessels would grow into the myocardium if a flap of 
healthy muscle were approximated to the heart. His operation then con- 
sists of applying part of the pectoralis major muscle directly to the myo- 
cardium in eases of angina pectoris. The operation is well tolerated 
despite the serious condition of the heart and some of his patients who 
were formerly completely incapacitated are now able to do heavy manual 
labor. If the condition of angina pectoris becomes amenable to success- 
ful surgical treatment, the lives of many thousands of sufferers will be 
made happier. 

Another accomplishment in recent years has been the improvement in 
technique which has made it possible to perform even extensive thoracic 
operations without an appreciable deformity of the patient. A decade 
ago many patients, and their physicians too, shuddered at the thought 
of an operation on the chest because in their minds it entailed an in- 
evitable horrible deformity even if the patient should survive. Much of 
this fear can now be dispelled. Even extensive intrathoracic operations 
can now be performed, especially on women who are perhaps most con- 
cerned, without any visible evidence, either externally or on subsequent 
X-ray examination, that any operation has been done. The proof of this 
statement will be shown you on some lantern slides. This aeccomplish- 
ment in itself seems to me a triumph. (Figs. 5 and 6.) 

In this brief survey of what has been done in thoracie surgery since 
Paget’s pessimistic prophecy only some of the accomplishments have been 
discussed. It would be impossible in a single lecture to mention, however 
briefly, all of them. I am sorry that I have not been able to speak of the 


Fig. 6.—Patient, nineteen years old with multilocular cyst (probably cystic 
hygroma) in upper anterior mediastinum. A, The x-ray film shows the high location 
of the tumor. B and C, In spite of its high location it was possible to remove the 
tumor through the anterior submammary incision with an excellent cosmetic result as 
shown in the photographs taken at the time of the patient’s discharge. D, The re- 
moved tumor is seen in the photograph to measure 5 cm. in length. H, The x-ray 
film made four weeks after operation shows a complete absence of deformity. 
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many interesting facts in the fields of physiology and pathology which 
have been learned as a result of operating within what was formerly the 
forbidden territory of the thorax. I am likewise sorry that it has been 
impossible to mention more than a very few names of that rapidly in- 
creasing group who are making important contributions to this field. We 
in the United States were somewhat slower than our European colleagues 
to undertake thoracie surgery on a major seale; but now, having entered 
it, we have perhaps forged ahead of them in the speed of our develop- 
ment of new techniques and in our broadening of the indications of this 
form of therapy. We ean boast of a very active society devoted exelu- 
sively to this field, the American Association for Thoracic Surgery, which 
is twenty years old this year, and to a successful Journal of Phoracte 
Surgery which is now in its sixth vear. 

Of the problems which face us, again I can mention only a few. The 
esophagus is an organ which in the main has still withstood our assaults. 
The proper principle for the successful treatment of carcinoma of that 
organ, in my opinion, is yet to be developed. Since the carcinomas of 
this organ are of a squamous cell variety and thus resemble those of the 
mouth and of the cervix uteri, it seems strange that the good results of 
radiation therapy for carcinoma of the latter organs have not been dupli- 
eated in the esophagus. Probably the reason is that the irradiation has 
not been given in the most effective way. As regards carcinoma of the 
bronchus, several problems face us acutely. One of these is better 
pathologie diagnosis. Until we can be more certain than it is possible to 
be today, without at least published photomicrographs of the tumor, we 
can have no reliance on reports of cases said to be cured by this or that 
method. The general profession needs to be educated and aroused to the 
fact that this is a common disease, of the same order of frequency as 
carcinoma of the colon including the rectum, and that suspicious cases 
should be subjected early to x-ray and bronchoscopic examination. Less 
than 5 per cent of the cases which we see at St. Louis can be considered 
as suitable for operation. In this connection a word should be said about 
prognosis. In our experience, based on the study of our cases by Tuttle 
and Womack,”°’ the prognosis is better both for duration of life and for 
operability in those cases in which the tumor has arisen in one of the 
major bronchi than in those in which it has arisen near the periphery 
of the lung in one of the smaller bronchi. Rabin and Neuhof,** however, 
hold the opposite opinion. This is a matter of considerable importance 
and one which perhaps demands still more work on it. When some of 
these matters are settled more definitely perhaps we can then determine 
more accurately whether surgery, irradiation or some other form of 
therapy is the most suitable and most effective procedure in this dread 
disease. Finally may I mention that another major problem is to find 
a more effective control of the necrotizing and putrid types of infection 
which commonly oceur in the lung and which often baffle our best sur- 
gical efforts. 
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THE USE OF MUSCLE FLAPS IN THE CLOSURE OF 
CHRONIC EMPYEMA CAVITIES 


B. NoLanp Carter, M.D., CINCINNATI, OHIO 


(From the Department of Surgery of the College of Medicine, University of 
Cincinnati, and the Cincinnati General Hospital) 


ANY chronic empyema cavities will obliterate themselves completely 

or in part if they are provided with really adequate drainage. 
This fact has been stressed especially by Hedblom, Colonel William 
Keller, and Graham and cannot be too strongly emphasized. -Par- 
ticularly is this true of those cases of chronic empyema which are of 
relatively short duration. Generally speaking, however, there are three 
types of chronic empyema in which complete obliteration of the cavity 
does not occur even under ideal conditions of drainage. These are 
(1) eases of secondarily infected tuberculous empyema, (2) cases of 
nontubereulous empyema that have lasted several years, and (3) cases 
of chronic empyema complicated by bronchial fistulae. The secondarily 
infected tuberculous empyema presents an especially difficult problem 
as to healing, for the lung and pleura are usually so fibrosed that expan- 
sion of the lung is impossible, and, even if it were, one would hesitate 
to expand it for fear of lighting up the quiescent tuberculosis in it. In 
this type of chronic empyema, therefore, the surgeon must obliterate the 
entire cavity by plastic operations on the thoracic wall, since nature can- 
not contribute anything in the way of expansion of the lung. In eases 
of long standing nontuberculous empyema, also, there has been great 
thickening of the visceral and parietal pleura, and the lung which has 
been compressed for so long a time is apt to have become so fibrosed 
that it can never fully expand. Here, however, after adequate drainage 
has been established and after active Dakinization has been carried out, 
there is nearly always some decrease in the size of the cavity owing to 
the partial re-expansion of the lung. Bronchial fistulae are serious 
complications, owing to the fact that they interfere with lung expan- 
sion, reinfect the wound, and preclude active irrigation of the cavity. 
It is evident, therefore, that many cases of chronic empyema will reach 
a stage during their treatment when a cavity which cannot, without 
further surgical treatment, decrease in size is still present. It is with 
the management of such persistent cavities that this paper deals. 

The first and most important requisite in treatment of chronic 
empyema is to create ideal conditions of drainage. The resection of 
short segments of one or two ribs and the introduction of a large rubber 
tube does not constitute adequate drainage. The chest wall should be 
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widely opened by the resection of at least four inches, and preferably 
of six inches, of two or three ribs situated at the lower most portion of 
the empyema cavity (see Fig. 4). The thickened parietal pleura thus 
exposed is excised to the limits of the incision laterally and to the re- 


Fig. 1.—The incision. Note especially the short vertical incision; by reflecting the 
flaps thus formed additional muscle can be exposed and utilized. 


Fig. 2.—The skin flaps below have been reflected exposing considerably more muscle 
than could be reached through a single incision. 
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_ Fig. 3.—The dotted line indicates the incision through the muscles. Note the ad- 
ditional length of the muscle flap below the sinus tract. Insert shows muscle flap 
freed and raised. 


Fig. 4.—Four-inch segments of two ribs have been resected and the intercostal 
muscle has been preserved. The thickened parietal pleura is being excised, thus creat- 
ing a large opening into the empyema cavity. 
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maining ribs above and below. This produces an opening four to six 
inches long and three or four inches wide into the dependent portion 
of the cavity. Through such an opening the interior of the cavity can 
be inspected, foreign bodies removed, if present, bronchial fistulae dis- 
covered, and pockets found. Likewise, thorough irrigations with Dakin’s 


Fig. 5.—The cavity is being exteriorized by suturing the skin edges to the edges 
of the pleura. Note that the muscle flap has been carefully tucked under the upper 
skin flap which is being tacked down to the pleura. 


Fig. 6.—The completed first stage. A large opening has been made into the de- 
pendent portion of the empyema cavity which provides adequate drainage and through 
which the cavity can be thoroughly inspected and adequately treated. No tubes are 
necessary, for the opening cannot close unless the lung has fully expanded. 


solution or azochloramide can be carried out and light packs saturated 
with these solutions ean be placed in contact with the walls of the entire 
cavity. No drainage tubes are needed, for by sewing the skin edges to the 
edges of the pleura the cavity is exteriorized and the opening into it 
cannot close (Fig. 6). 
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Having been thus exteriorized, the cavity should be treated with 
Dakin’s solution or azochloramide until it has been obliterated by the 
gradual expansion of the lung or until it has ceased to decrease in size. 
If complete expansion occurs, the skin edges can be freed and readily 
closed; whereas, if incomplete expansion results and a residual cavity 
remains, a more extensive plastic operation must be done. 

The procedure used to obliterate the cavity which persists after 
thorough drainage and active treatment with Dakin’s solution or 


Fig. 7.—Following the first stage, there has been a persistent cavity which has 
ceased to decrease in size. The cavity has been Dakinized until nearly sterile and 
the patient’s condition has improved to the extent that a second operation can be 
safely undertaken. Further “unroofing’” has been done; the muscle flap has been 
mobilized and it is being tucked into the cavity beneath the scapula. The intercostal 
muscles are also utilized for filling the cavity. 


azochloramide have accomplished all that is possible will depend upon 
the type, the size, and the location of such a cavity. In the case of a 
chronic empyema cavity with relatively thin parietal pleura, an extra- 
pleural thoracoplasty done in many stages and with formalinization of 
the rib beds will close a residual cavity or greatly decrease its size. If, 
however, the parietal pleura is very thick, a simple thoracoplasty will 
not appreciably diminish the size of a cavity; for even though the ribs 
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be resected from spine to sternum, the rigid pleura continues to hold the 
cavity open. The small cavity in the lower thorax can be obliterated 
simply by the resection of the ribs and the thick pleura overlying it and 
by allowing the soft tissues to fall into and fill the cavity. However, the 
large cavities in the lower portion of the thorax, those cavities that lie 
beneath the scapula, and also those at the apex of the thoracic cage can- 
not be closed so easily. The scapula will not fall completely in contact 
with the underlying lung after the ribs beneath it have been resected, 


Fig. 8.—The closure of a huge empyema cavity. After several stages, the cavity 
has finally been widely “unroofed.” The sacrospinalis has been mobilized, divided, 
and is being used to fill the upper portion of the cavity. The intercostal muscles have 
been preserved and used to help fill the large cavity. The next drawing shows the 
remainder of the cavity filled with trapezius and latissimus dorsi muscles. If the 
cavity is not too deep, the intercostal muscles fall on to the floor of the cavity without 
having to be divided, thus preserving the intercostal nerves. 


and, unless a ‘‘fill’’ of some sort is placed beneath the scapula, a dead 
space which may give rise to a recurrence of the empyema (Fig. 13) will 
persist. The configuration of the thorax at the apex is such that cavities 
situated there will not be filled by the falling in of the soft tissues when 
the ribs overlying the cavity have been removed. It is in these instances 
that flaps of muscles can be swung into the empyema cavity in order 
to obliterate it. The muscles which are available for this purpose are 
the latissimus dorsi, the trapezius, the sacrospinalis, and the pectorals. 
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Before the muscle flap is swung into a cavity situated in the lower por- 
tion of the thorax, the ribs should have been removed beyond the limits 
of the eavity and the parietal pleura excised to the margins of the cavity. 
In the case of some of the cavities that extend to the apex or under the 
scapula not all the ribs over the cavity need be removed, the resulting 
recess beneath one or two ribs being filled with the muscle flaps. The 
cavity should be sterile, or nearly so, before the muscle is placed in it. 
In the case of extensive cavities the ‘‘unroofing’’ by means of resection of 
the ribs and thickened parietal pleura must be done in several stages. 


Fig. 9.—The huge persistent empyema cavity has been filled with muscle flaps 

the apical portion with a flap of sacrospinalis muscle, the subscapular portion with a 
flap of trapezius and latissimus dorsi muscles, and the remainder partly with the 
above and with intercostal muscle. 
Patients who have suffered from chronic empyema for years are not good 
surgical risks, and the resection of the large triangular ribs which have 
been squeezed together by contraction of the chest wall is often a bloody 
and difficult procedure. It is far better, therefore, to break the operation 
up into several stages at each of which a few ribs are resected, rather 
than to risk the danger of a complete unroofing at one sitting. 

In order to get enough material to fill the cavity it is important that 
one plans the operation so as to utilize every bit of muscle possible. A 
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very useful method of obtaining added bulk of muscle is to make a second 
incision at right angles to the one which has been placed at the lower 
most border of the empyema eavity, to reflect the skin flaps thus formed, 
and to cut the muscle which. is to be utilized at a considerably lower 
level (Figs. 1, 2, and 8). In this way several inches of muscle may be 
gained. The intercostal muscles should be carefully preserved when 
possible and likewise utilized as a ‘‘fill.’’ They are especially useful to 
plug bronchial fistulae after the method of Pool and Garlock and of 
Shenstone. If the cavity is not too deep, they may be preserved intact 
(not divided as shown in the figures) and allowed to fall into the floor 
of the cavity. Wangensteen has advocated preserving the intercostal 


Hig. 10.—Closure after the final stage. The sutures are placed very loosely. No 
drains are used. 
muscles with the veins and vessels and using them with the strip of 
attached thickened parietal pleura to help fill empyema cavities. I prefer 
to strip the thickened pleura off the under side of the intercostal muscle 
and excise it rather than use it and the muscle together, for the pleura 
may be riddled with small sinuses leading to minute abscess cavities and 
if preserved these may reinfect the cavity or the wound. The presence 
of small abscesses and infected sinus tracts in the parietal pleura has 
been noted in several of my cases and has been referred to by other 
authors. This may well be a cause for ‘‘the recurrent chronie empyema. ’’ 
It is for this reason that the thick parietal pleura should be excised 
rather than utilized as a material with which to fill the empyema cavity. 
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Fig. 13.—A sagittal section through the thorax to show dead space still existing 
beneath the scapula even after the overlying ribs and pleura have been excised. Note 
the long flap of muscle ready to be thrown into the cavity. 


& 


Fig. 14.—The empyema cavity and the dead space beneath the scapula have been 
filled with muscle flap. 
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Another reason for its excision is that in tuberculous empyema (10 per 
cent to 13 per cent of chronic empyemata) the parietal pleura practically 
always is the site of tubercles or tuberculous granulation tissue. 

The accompanying illustrations show the steps in the various opera- 
tive procedures and need little explanation. Unless the empyema e¢avity 
is very large, relatively little deformity is present after the operation. 
The sacrospinalis muscle may be very satisfactorily utilized in filling 
empyema cavities at the apex and under the upper portion of the scapula. 
Though no illustrations are shown of them, the pectoral muscles can 
best be utilized for empyema cavities in the anterolateral aspects of the 
thorax. 


Fig. 15.—Only enough muscle to fill a portion of the cavity and the dead space 
beneath the scapula was available. The upper skin edge has been sewed down to the 
pleura, thus leaving a considerable extent of pleura exposed which has been grafted 
with pinch grafts (see Fig. 11). 

The use of pedicled muscle flaps has been found to be very satisfactory 
in this clinic in dealing with the persistent chronic empyema cavity, in 
the closure of extrapleural cavities resulting from the excision of cold 
abscess of the chest wall, in the cure of chronic lung abscess, and in the 
secondary closure of infected thoracoplasty wounds in which an extra- 
pleural cavity remains beneath the scapula. In the literature, however, 
there are relatively few references to their being used. S. Robinson, in 
an excellent article in 1916, described their use in the closure of non- 
tuberculous chronic empyema. He stated that ‘‘muscle can be swung into 
the cavity and is an efficient filling agent’’ and believes that by their 
use such mutilating operations as the resection of a portion of the scapula 
over chronic empyema cavities can be dispensed with. He likewise advo- 
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eates partial filling of a large cavity with a muscle flap leaving the rest 
to epithelialize—a procedure somewhat similar to the one shown in Fig. 
11. Kanavel, in 1921 in an article entitled ‘‘Plastie Procedures for 
Obliteration of Cavities’’ describes the utilization of a muscle flap in the 
filling of various residual cavities, such as those of chronic osteo- 
myelitis, of chronic empyema, and of one large cavity behind the 
symphysis. He was very enthusiastic about its use and wondered why 
it was not more often used. Stenbuck in 1933 used pedicled muscle 
flaps to close defects in the pleura. Graham in 1924 mentioned their use 
in the treatment of chronic empyema. Scrimger in 1929 used flaps of the 
rhomboid muscle to close a lung abscess cavity at the apex, and in a dis- 
cussion of his paper Whittemore reported five cases of his own, similarly 
treated. Pool and Garlock closed bronchial fistulae by inserting muscle 
flaps into them. Wangensteen in 1935 advocated the use of muscle flaps 
in the closure of bronchial fistula and chronic empyema. Alexander 
advises the use of muscle flaps in the closure of certain chronic empyema 
cavities in his recent monograph on The Collapse Therapy of Pulmonary 
Tuberculosis. 

The purpose of this paper has been to emphasize the fact that adequate 
drainage by the resection of long segments of several ribs and wide 
exteriorization of the empyema cavity is the most important step in the 
treatment of chronic empyema; to call attention again to the advantage 


of using pedicled muscle flaps in the closure of the chronic empyema 
cavity that remains after adequate drainage has accomplished all it can; 
and to illustrate several useful technical points in obtaining and utilizing 
various muscles which can he used as ‘‘fills.”’ 
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THE END-RESULTS OF HIGH LIGATION AND INJECTION IN 
THE TREATMENT OF VARICOSE VEINS 


Henry H, Faxon, M.D., AND Davin W. Barrow, M.D., Boston, Mass. 
(From the Peripheral Circulatory Clinic of the Massachusetts General Hospital) 


UR disappointing results of the injection method alone in the treat- 
ment of varicose veins' led us to adopt high ligation as a pre- 
liminary procedure in certain selected cases in 1931 and since that time 
we have employed this operation as an adjunct to the injection treatment 
in 1,072 extremities. Our data can have little significance unless accom- 
panied by the details of our method of treatment, and, to clarify the 
basis on which the work was done, the salient features in dealing with 
these cases are taken up under separate headings before our statistics 
are given. 
SELECTION OF CASES 
High ligation was considered as an essential part of the treatment 
in those cases in which incompetence in the valves of the main saphenous 
trunk in the thigh could be demonstrated. The presence or absence 
of incompetent valves in the main trunk was determined by the findings 
of the Trendelenburg test? and the Schwartz test as originally described 
by Chevrier.* The details and significance of these procedures have pre- 
viously been reviewed by one of ust and, as the fundamental factors in 
the study of varicose veins which they reveal are already familiar to 
those interested in this subject, further elaboration of these tests at this 
time seems unnecessary. It is not possible for us to state exactly what 
pereentage of the cases reporting to the Clinie showed an incompetent 
main trunk, but our impression is that in at least 80 per cent of the 
cases in which the varices were of any appreciable size this finding was 


present. 
TECHNIQUE OF HIGH LIGATION 


The details of our technique of this operation were reported in 1934* 
and we have found no oceasion for altering the procedure as originally 
described. The most important feature is the ligation of the long 
saphenous vein at its junction with the femoral as stressed by Homans.° 
Of almost equal importance is the separate division and ligation of at 
least the three highest branches of the saphenous vein together with an 
excision of 2 em. of the main trunk below the ligature. Retrograde 
injection with a sclerosing solution of the distal segment before this is 
tied off, as suggested by Moszkowiecz,° has been practiced in 90 per cent 
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of the cases. In the earlier cases on which high ligation was carried 
out, we frequently made the mistake of ligating the vein well below the 
foramen ovale. ‘‘ Faulty technique”’ is the term we have employed below 
to designate those cases in which this or any other operative error was 
made. We believe that in order to insure the ligature’s being placed 
at the proper level the anterior surface of the femoral vein must be 
visualized at the time of operation, and it has been most instructive in 
the thirteen cases in which we have been forced to do the operation a 
second time at a higher level to see how extensive is the collateral which 
rapidly develops if any proximal saphenous stump is left behind at the 
original operation. The only cases in which we believe the procedure 
is contraindicated are those in which the superficial veins compensate 
for a deep circulation that has been impaired by a previous phlebitis; 
those showing active inflammation in the groin; and those in which 
hemolytic streptococci can be demonstrated in a complicating ulcer. 


INJECTIONS FOLLOWING HIGH LIGATION 


It was carefully explained to each patient that the operation was but 
one phase in the treatment of their varicosities and that for a satis- 
factory result it was essential that they report to the Out-Patient De- 
partment for a sufficient number of injections with quinine hydro- 
chloride and urethane to obliterate all remaining unthrombosed veins. 
Despite our admonitions, however, a large number of patients failed 
to complete their required course of injections, apparently feeling that 
these were most uninteresting as compared to their more dramatic ex- 
perience with surgery, and being well satisfied with the relief of symp- 
toms which operation alone had afforded. | 


OTHER ADJUNCTS IN THE TREATMENT OF VARICOSITIES 


A definite, although relatively small, percentage of the cases showed 
upon examination incompetence in the valves of the communicating 
branehes between the deep and the superficial venous systems of 
sufficient degree to jeopardize the results in the treatment of the cases 
unless some step beyond high ligation and injection was carried out. 
These cases in most instances gave a history of a previous deep phlebitis 
and we have found it necessary to secure and divide these communicat- 
ing branches by operation if a satisfactory result is to be obtained 
in this group of patients. The methods of accomplishing this have been 
outlined by one of us’ and are to be reported later from this Clinie in 
more detail.® 

Another relatively small group of the cases showed involvement of 
the short saphenous system in conjunction with varicosities of the long 
saphenous; and in the treatment of these patients ligation of the short 
saphenous vein in the popliteal space was carried out when this main 
trunk was shown to have incompetent valves, 
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METHOD OF SECURING FOLLOW-UP DATA 


In order that there might be complete uniformity in the ev «ution of 
the present status of each case, one of us (Barrow) personally ques- 
tioned and critically examined each of the patients included in our 
statistics. All the patients who had undergone the operation of high 
ligation at least 115 years prior to this follow-up were requested to 
return. Two hundred and twenty-eight patients reported for examina- 
tion and the 218 patients who failed to respond are not included in our 
figures nor is any inference drawn from their persistence in remaining 
away. One hundred and thirty-seven patients of the 228 reported in the 
statistics had varicosities of both legs requiring bilateral high ligation 
so that 365 operations are represented by this group. We feel that any 
‘*follow-up’’ of such a group of cases attempted before at least 144 years 
from the time of operation will lead to false conclusions. Although 114 
years represents the minimum period in this series, in some instances 
it has been as much as 5 years since the patient’s operation, and the 
average elapsed time between high ligation and the present evaluation 
of the 228 cases was 2.9 years. 


END-RESULTS 


In order to make intelligible the classification of the 365 extremities 
into the three groups tabulated below in Chart I, a definition of terms is 
necessary. Criterion for the ‘‘perfect’’ result rating of Group 1 (55 
per cent, or 200 extremities) was that the patient had enjoyed complete 
relief of symptoms following treatment and on examination showed 
all previous varicosities to be either completely thrombosed or free from 
any tension within those segments of veins from which blood could still 


be aspirated. 

The standard for the ‘‘satisfactory’’ result rating of Group 2 (25 per 
cent, or 90 extremities) was that the patient had been symptomless since 
discharge; but, in contrast to patients in Group 1, these cases showed 
small but definite varices that detracted from the otherwise satisfactory 
cosmetic results. These veins were not manifestations of an incompetent 
superficial system, for by the Trendelenburg test they did not fill either 
from the main trunk above or from an incompetence in the communiecat- 
ing branches below. 

The basis for the ‘‘failure’’ rating of Group 3 (20 per cent, or 75 ex- 
tremities) was that the patient again showed varicosities that were of 
significance not so much because of their size as because they could be 
shown to represent stagnation in the superficial venous system. Despite 
the fact that 60 per cent of this group stated that they were better than 
before operation, we believe that with more time their improvement 
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will inevitably regress because of the persistence of the fundamental 
abnormality of venous back pressure that had not been adequately dealt 
with in the course of their treatment. 

The persistence or recurrence of an ulcer after healing had taken 
place was considered ipso facto evidence of failure and placed that ex- 
tremity in Group 3. Seventy-four patients, or one-third of the 228 pa- 
tients represented in the present follow-up, showed ulcers upon admis- 
sion or had suffered from them in the past; and of these 66, or 89 per 
cent, had secured complete relief from this complication following opera- 
tion and injection. 

It might seem that the interval between the time of treatment and 
the follow-up would have been an all-important determining factor in 


CASES 
100, PER CENT 


3. 
PERFECT SATISFACTORY FAILURE 


Chart I.—End-results of high ligation and injection, 365 extremities, Massachusetts 
General Hospital. 


the end-result rating. However, our statistics showed that the average 
elapsed time of the follow-up for the failures (2.9 years) was essentially 
the same as for the perfect results (2.8 years). 

Age and sex seemed to be irrelevant factors in the final result of treat- 
ment, and in the cases on which it was necessary to do a bilateral opera- 
tion there was essentially the same percentage of success and failure 
as for the series as a whole. 


Retrograde injection of the distal segment of the vein at the time of 
operation as carried out in 90 per cent of our cases made no apparent 
difference in the final rating. Ferguson states’ that high ligation alone 
will be followed ‘‘as a rule’’ by a variable amount of thrombosis, which, 
according to De Takats,’® results in complete occlusion of the saphenous 
system in 10 per cent of the cases, The contrasting figure of 36 per cent 
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of our eases, which showed such extensive obliteration following opera- 
tion and retrograde injection as to require no further injections, would 
strongly suggest that the supplementary use of a sclerosing solution at 
the time of operation definitely augments the natural tendency to distal 
thrombosis. 


The extent of the thrombosis following operation seemed to have little 
bearing on the end-result, for 35 per cent of the perfect results required 
no subsequent injections, while this was true in 33 per cent of the 
failures. The average number of injections per patient following opera- 
tion for the entire series, including those who required no injections, 
was 2.2, being essentially the same in each of the three groups and 
showing a striking decrease from the average number of 7 injections 
reported from this clinic! when the injections treatment alone was em- 
ployed. Sixty-six cases on whom we earried out high ligation had 
previously undergone a series of injections that had failed to give perma- 
nent relief. 

COMPLICATIONS 


Wound sepsis of sufficient extent to prolong the anticipated hospital 
stay was present in 2 per cent of the cases, but only in the one cited 
below was this complication of serious proportions. An appreciable 
number of patients who were not delayed in their return to work showed 
some induration of the wound and a variable amount of extravasation of 
blood into the tissue. 


One of the early eases in this series, already reported in detail,‘ died 
following extensive hemolytic streptococcus wound infection of a pul- 
monary embolus. In this instance we believe there were extenuating cir- 
cumstances due to our inexperience with the procedure and improper 
after-care which contributed materially to the fatal outcome. Since 
these figures were compiled, we have had a second ease in which death 
was presumably due to a pulmonary embolus, although this could not be 
confirmed as autopsy was refused. This patient was a man of sixty 
years of age, in apparent good health, on whom high ligation and 
injection had been carried out and been followed by an uneventful con- 
valescence and discharge from the hospital. Eight days following opera- 
tion he suddenly collapsed on the street and was taken to another hos- 
pital where he died. A third case of pulmonary embolus which did not 
prove fatal was diagnosed clinically. Although the reported statistics 
of this paper cover only 367 ligations, we have given here, because of the 
seriousness of this complication, our complete experience with pulmonary 
emboli to the present time in 1,072 high ligations. 

A complication due to operative technique was found in one patient 
in whom the femoral vein was mistakenly ligated and injected by the 
operator in the belief that he was dealing with the long saphenous. Re- 
ligation of the severed vein was necessary shortly after the original 
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operation because of hemorrhage and the patient subsequently showed 
marked edema of the entire leg which has slowly partially subsided in 
the course of the ensuing six months. This is the only case of hemor- 
rhage in our complete experience with high ligation in which it was 
necessary to do a secondary operation to secure the bleeding vein. 


DISCUSSION 


A critical study of the failures of Group 3 leads us to believe that five 
factors were largely responsible for the unsuccessful outcome in these 
cases. In some instances a single one of these factors was at fault; 
whereas, in others, a combination of two or more were present. 

1. Faulty Technique.—In 29 extremities, or 39 per cent of the failures, 
it was apparent at the time of the follow-up examination from the find- 
ings of the Trendelenburg test that our stipulations for a successful high 
ligation had not been carried out by the operator. In 13 cases in which 
a second operation was done above the level of the first, the failure of the 
original ligation to interrupt the main trunk at its junction with the 
femoral was confirmed by direct visualization. In these cases the per- 
sistence of a proximal stump of. saphenous vein had failed to dispel the 
effects of back pressure; and, through the collateral circulation estab- 
lished by way of the branches of this stump (Fig. 1), the same faulty 
venous situation which had originally obtained had been reestablished. 
The high incidence of faulty technique was due in the earlier cases to 
our failure to fully appreciate the high level at which the saphenous 
vein joins the femoral, and no doubt the fact that many individuals from 
the rapidly changing house staff have done the operating in the majority 
of these cases has contributed in more recent cases to a repetition of the 
same error. Reoperation is indicated when it can be shown that the 
first attempt has been technically unsuccessful. 

2. Incompetent Communicating Branches.——The presence of incom- 
petent communicating branches will serve to permit the effects of back 
pressure in the superficial venous system to be exerted upon the lower 
extremity (Fig. 2). It was impossible at the time of the follow-up exami- 
nation of the patients to segregate those cases in which incompetent com- 
muniecating branches had been overlooked at the time of the first evalua- 
tion of the case from those in which the failure of the valves in the 
branches had developed subsequent to the time of high ligation. We 
feel that the former was the case in most instances, although we recognize 
that there is a well-marked diathesis in all patients with varicosities of 
any appreciable size toward the dilatation of apparently normal veins. 

In 16 extremities, or 21 per cent of the failures, one or more persistent 
incompetent communicating veins were found in the lower leg; and in 
19 extremities, or 25 per cent, the offending vein was above the knee, 
usually at either the junction of the middle and lower or middle and 
upper thirds of the thigh. We have had disappointing results in at- 
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tempting to secure thromboses of these communicating veins by injec- 
tions and believe that some form of surgical approach to interrupt their 
continuity is indicated as the only effective method by which their un- 
toward influence upon the saphenous system can be abolished. 

3. Short Saphenous System.—An inadequately treated short saphe- 
nous system, when found in conjunction with varicosities of the long 
saphenous, will result in failure to permanently relieve the patient of 
symptoms as brought out in 5 of the eases in Group 3 (Fig. 3). This 
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Fig. 1. Fig, 2. 


Fig. 1.—Diagrammatic illustration based on findings at operation in certain cases 
of recurrences where the reestablishment of back pressure has taken place through 
the stump of the saphenous and its highest tributaries. Had the first ligation been 
properly carried out at the junction of the saphenous with the femoral vein, such 
recurrences would not have occurred. 

Fig. 2.—Diagrammatic illustcation of the findings in certain cases of recurrences 
where, although the high ligation has been properly carried out, the effects of the 
reversal of venous flow in the superficial system still manifest themselves through 
the incompetent communicating branches. <A direct surgical attack of these branches 
is the only manner of effectively correcting this situation. 


occurred in 3 extremities, or 4 per cent of our failures. When the main 
trunk of the short system is incompetent, we believe that ligation at the 
popliteal vein should be done on the same basis and with an observance 
of the same general principles that high ligation is carried out in the 
groin. 
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4. Damaged Deep Circulation.—In 2 cases that gave a history of deep 
phlebitis, there had occurred such obliteration of the deep veins that 
the varicosities had been forced to take over a very definite compensatory 
role in the venous return from the extremity. This situation should 
have been recognized at the time of the original examination by the 
proper evaluation of von Perthes modification of the Trendelenburg 
test and other measures previously reported in detail,’ and no treat- 
ment of the veins should have been instituted. It is not surprising that 
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Fig. 3.—Diagrammatic illustration of the findings in certain cases of recurrences 
where, although the long saphenous vein had been adequately treated, an unrecognized 
varicose short saphenous system had been overlooked. When such short saphenous 
erect is present, it must be properly handled at the time of the original 
reatmen 


ligation and injection in these two improperly selected cases should 
have resulted in an ineffective extent of thrombosis of the veins and 
a moderate amount of aggravation of the symptoms. Although we 
formerly believed that, following a deep phlebitis, the superficial veins 
were frequently called upon to assume an important part in the venous 
return, more extensive clinical experience leaves us with the conviction 
that this is rarely the ease. 
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5. Postoperative Injections—Unless all varicosities that remain pa- 
tent following high ligation are treated by subsequent injections, they 
will remain essentially unchanged or slowly enlarged. There were a 
definite number of patients in this series who failed to complete their 
course of injections and it was impossible to accurately determine at 
the time of our follow-up whether a few seattered varices were due to 
inadequate sclerosis of all varices at the time of the original treatment 
or to recurrences from recannulization of the thrombi. Although this 
latter is a fundamental tendency in Nature’s process of repair, as 
brought out by Ochsner and Garside’ and by Howard,’? we feel that 
it is of little significance from a practical point of view unless the vein 
in question is subject to the hydrostatic pressure resulting from an un- 
corrected incompetent superficial system. We feel that the factor of 
inadequate postoperative injections played a relatively small part in 
the failures but a very real réle in relegating an appreciable number of 
eases from the perfect results of Group 1 to the satisfactory results 
of Group 2. 


SUMMARY 


The end-result rating in 367 operations of high ligation in selected 
cases carried out in conjunction with the injection treatment of vari- 
cosities showed perfect results in 55 per cent of the cases; satisfactory 
results in 25 per cent; and failures in 20 per cent. The average elapsed 
time between operation and the follow-up examination was 2.9 years 
and in no instance was this interval less than 115 years. The chief fac- 
tors responsible for the recurrences in the group of failures were faulty 
operative technique, 39 per cent; complicating incompetent communi- 
eating branches, 46 per cent; short saphenous involvement, 4 per cent; 
and the improper selection of eases, 3 per cent. 


CONCLUSIONS 


1. Successful results in the treatment of varicosities may be obtained 
by high ligation and subsequent injections alone in at least 80 per cent 
of the eases in which there is an incompetent main saphenous trunk 
unassociated with involvement of the perforating branches or short 
saphenous system. 

2. High ligation in these cases will not be effective unless carried 
out at the junction of the saphenous with the femoral vein. 

3. The operation of high ligation carries with it a small but definite 
risk of major wound sepsis (2 per cent) and pulmonary emboli (0.3 
per cent). 

4. Direct operative approach is the only effective method of correcting 
the abnormal venous flow found in grossly incompetent perforating 
branches or extensive short saphenous involvement. 
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5. The incidence of recurrences depends primarily on the success of 
the original evaluation and treatment of the cases rather than on the 
elapsed period from the time of treatment. 


6. Age, sex, the presence of bilateral varicosities, and the extent of 
thrombosis following operation play no significant role in the ultimate 
success or failure of treatment. 


7. Retrograde injection of the distal segment of the vein at the time 
of operation makes no significant difference in the end-result rating, 
although it does apparently decrease the number of injections required 
after operation. 


8. An adequate series of postoperative injections into all unthrom- 
bosed veins is essential if the best results are to be obtained. 


REFERENCES 


. Faxon, H. H.: End-Results in the Injection Treatment of Varicose Veins, 
New England J. M. 208: 357-361, 1933. 

. Trendelenburg, F.: Ueber die Unterbindung der Vena saphena magna bei 
Unterschenkelvaricen, Beitr. z. klin. Chir. 7: 195, 1891. 

. Chevrier, L.: De 1’examen du reflux veineux dans les varices superficielles, 
Arch. gén. de chir. 1: 34, 1908. 

. Faxon, H. H.: The Treatment of Varicosities; Preliminary High Ligation 
of the Internal Saphenous Vein with the Injection of Sclerosing Solutions, 
Arch. Surg. 29: 794, 1934. 

. Homans, J.: The Operative Treatment of Varicose Veins and Ulcers, Based 
upon a Classification of These Lesions, Surg., Gynec. & Obst. 22: 143, 
1916. 

. Moszkowicez, L.: Behandlung der Krampfadern mit Zucker-injektionen kom- 
biniert mit Venenligature, Zentralbl. f. Chir. 54: 1732, 1927. 

. Faxon, H. H.: Present Methods of Treating Varicose Veins, New England 
J. M. 216: 327, 1937. 

. Linton, R. R.: Personal communication. 

. Ferguson, L. K.: Ligation of Varicose Veins Ambulatory Treatment Pre- 
liminary to Sclerosing Injections, Ann. Surg. 102: 304, 1935. 

. De Takats, G.: Ligation of the Saphenous Vein, J. A. M. A. 94: 1194-1917, 
1932. 

. Ochsner, A., and Garside, E.: The Intravenous Injection of Sclerosing Sub- 
stances, Ann. Surg. 96: 691, 1932. 

. Howard, N. J., Jackson, C. R., and Mahon, E. J.: Recurrence of Varicose 
Veins Following Injection. A Study of the Pathological Nature of the 
Recurrence and a Critical Survey of the Injection Method, Arch. Surg. 22: 
353, 1931. 


1 
9 
3 
4 
6 
8 : 
9 
10) 
11 
12 


VARICOSE VEINS, WITH SPECIAL REFERENCE TO 
TREATMENT BY LIGATION, STRIPPING, AND INJECTION 


Epmunp HorGan, M.D., WasHinetron, D. C. 


VERDISTENTION of thin-walled veins in the subcutaneous tissue 

of the lower extremities with stretching and insufficiency of the 
venous valves is the beginning of the condition known as varicose veins. 
The condition progresses as structural changes in the vein walls pro- 
duce hypertrophy, elongation, and tortuosity. The development of 
varicose veins limits the activity of the individual and in some instances 
prevents him from earrying on a gainful occupation, entering into 
sports, or engaging in the ordinary activities of life, such as walking, 
dancing, and so forth. 


ETIOLOGY 


The cause of varicose veins has been a subject of much discussion and 
conjecture, but it is generally conceded that a congenital weakness of 
the middle layer of the vessel wall is the primary factor. Other factors, 
such as standing, walking, and doing heavy laborious work for long 
hours without rest periods, tend toward the development of varicose 
veins from the inherent congenital weakness. Pregnancy and pelvie and 
abdominal tumors, such as fibroids, retroperitoneal tumors, ete., are 
causative factors when they obstruct the venous return from the lower 
extremities. Phlebitis and thrombosis occurring in the lower extremities 
during infectious diseases, such as typhoid fever, pneumonia, and in- 
fluenza, or resulting from focal reactions following the removal of foci 
of infection, such as teeth, tonsils, gallbladder, appendix, hemorrhoids, 
and so forth, as well as those occurring as a postoperative complication 
after any other operation, may likewise induce the condition. 


PATHOLOGY 


In the congenital thin-walled vein there ean be observed histologically 
a middle layer that is considerably thinner than normal. This layer is 
made up of muscle fibers and a larger amount of connective tissue. 
The muscle fibers do not have a regular course. They run in bands, 
some of which are circular, while others run in the longitudinal direc- 
tion. When overdistention of such a thin-walled vein is caused by one 
of the factors enumerated above, the vein wall stretches and under the 
strain of distention the venous valves become incompetent. There is a 
tissue reaction in the vein wall to prevent greater distention and valvu- 
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lar insufficiency. This reaction occurs mostly in the middle layer and 
histologically there is seen an increased production of fibrous tissue 
which causes hypertrophy of the wall of the vein. The connective tissue 
production also causes elongation and tortuosity of the vessel. The pro- 
duction of fibrous tissue in the vein wall may be so great that the vessel 
becomes inelastic, but before this stage is reached the valves have usually 
been almost obliterated. Under such conditions the blood will not flow 
freely through the veins and in some of the veins the blood may stag- 
nate. This would have a tendency to favor and produce phlebitis and 
thrombosis within the vessel. Asa result of the phlebitis and thrombosis, 
ulceration may occur. Trauma may produce phlebitis, thrombosis, and 
hemorrhage. The hemorrhage may be confined to the subcutaneous 
tissue, but in some injuries the skin is broken and there is a profuse 
loss of blood. Occasionally a distended varicose vein will cause necrosis 
of the skin over it and a spontaneous hemorrhage will result. This has 
been observed during pregnancy. 

Some forms of phlebitis and thrombosis are associated with a local 
infection in the vein wall. This was described by Jacques,t who re- 
ferred to it as a latent infection. The latent infection may be activated 
and may produce extensive phlebitis and thrombosis and, under some 
conditions, ulceration. 


SYMPTOMATOLOGY 


As the result of venous dilatation, venous hyperemia, and edema, there 
are discomfort and pain in the extremity. The pain varies in intensity 
according to the sensitiveness of the patient and the pressure within 
the distended vein. The mechanism of the pain is via the sympathetic 
nervous system and the spinal cord to the brain. The fibers of the 
sympathetic nerves are found in the external layer of the vein wall. 

Where venous hyperemia is marked, there are often mild capillary 
hemorrhages which result in pigmentation of the skin as the blood pig- 
ment is taken up from the tissues. Where phlebitis is present, there are 
pain and tenderness along the course of the vessel involved. The pain is 
more marked in thrombophlebitis and may be so severe that the patient 
is unable to walk. Swelling of the lower extremity usually accompanies 
phlebitis and thrombophlebitis. 

When a vein in the leg becomes thrombosed and the tissues of the lower 
part of the extremity become tense from the swelling, ulceration some- 
times occurs. The pain associated with the thrombophlebitis, necrosis, 
and formation of the ulceration is very acute, particularly in the tissue 
surrounding the ulceration. This tissue presents all the signs and symp- 
toms of an acute inflammatory process. 


TREATMENT 


In undertaking the treatment of varicose veins we must take into 
consideration (1) the extent of venous involvement, (2) a history of 
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or the presence of phlebitis in the deep or superficial veins, (3) a history 
of or the presence of thrombosis in the deep or superficial veins, (4) 
acute or chronic ulcerations, and (5) edema of the lower extremities. 
We must also consider pregnancy, obesity, cachexia, albuminuria, dia- 
betes, senility, heart disease, and arterial hypertension before instituting 
any form of treatment. There is one condition that contraindicates all 
treatment for varicose veins; that is, where there has been a thrombosis 
with obliteration of the deep veins. Whatever form of treatment is 
undertaken, it is well to have the patient on a low calorie diet, to reduce 
the quantity of fluid intake to 1,000 ¢.c. a day, to avoid aleohol and 
tobaeco, and to see that there is a daily evacuation of the bowels. Where 
the treatment is ambulatory, the patient should be instructed to arrange 
for rest periods during the day, in order to avoid the distention of the 
vessels that would result from standing for long hours. It is also 
advisable to instruct the patient not to walk long distances without a 
rest period. 

The treatment can be divided into (1) bandaging, (2) rest, (3) the 
injection of a sclerosing solution, and (4) surgery. 

Bandaging.—Bandaging is not a curative treatment, but if properly 
carried out it may prevent the varicosities from progressing and may 
prevent phlebitis, thrombosis, edema, and ulceration. The usual bandage 
is made of an elastic webbing. A stocking of lastex may be worn in- 
stead. These fabrics are compressive in their action on the superficial 
circulation and will prevent overdistention of the veins and edema in 
the subcutaneous tissues, as well as phlebitis, thrombosis, and ulceration. 
The compression bandage of whatever type should include the foot, 
ankle, and leg. Bandaging above the knee is usually not effectual and 
consequently is not desirable. The compressive type of bandage is some- 
times contraindicated in large, brittle, inelastic veins, because the pres- 
sure would traumatize the vein by breaking the vessel wall. 

Rest.—In the presence of phlebitis, thrombosis, marked edema, hemor- 
rhage, and varicose ulcerations the patient should be ordered absolute 
bed rest with elevation of the extremities. Wet dressings which include 
the foot, ankle, and leg should be kept on continuously. For such 
dressings boric acid solution, salt solution, or aluminum subacetate solu- 
tion may be used. The dressing should be soaking wet at all times, and 
an oil silk or rubber covering should be placed over the dressing in order 
to retain the moisture. 

After the acute phase of the above conditions has subsided, treatment 
of the varices or the ulceration may be instituted. I shall not enter 
into a discussion of the care of ulceration, as this has been described 
in detail by MecPheeters? in his monograph on varicose veins. When 
the uleer has healed, the varicosities may be treated. 

Injection.—For some years sclerosing solutions have been used in the 
treatment of varicose veins. Biniodide of mereury, urea and quinine 
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hydrochloride, sodium salicylate, sodium carbonate, sodium citrate, 
sodium chloride, glycerine, glucose, sodium morrhuate, and other sub- 
stances have been employed. In selecting the sclerosing solution, one 
that does not cause clotting should be chosen. The solution should cause 
a sclerosing action on the intima of the blood vessel wall. With the 
vein nearly empty when the injection is made, the solution injected 
will become effectual if the vein is kept compressed by a bandage. If 
the solution is injected into a vein full of blood, it will be diluted and 
may prove ineffectual in sclerosing the vessel. It may also become in- 
effectual if the vein is not kept collapsed by a compression bandage for 
about twenty-four hours after the injection. 

The injection of a sclerosing solution is not to be considered lightly, 
as death has followed its use. However, it is commonly employed, 
usually as an ambulatory treatment. Failures as high as 90 per cent 


Fig. 1.—A drawing showing stripping of the long saphenous vein from the saphe- 
nous opening to the knee after the proximal end of the divided vein has been ligated. 
It also shows a small incision above the knee through which the vein has to be drawn 
after it has been stripped. A, shows the further stripping of the vein to a point below 
the knee; this may be done if the varicosities do not extend above the knee. B, 
shows the injection of the sodium morrhuate solution into the distal portion of the 
— saphenous to sclerose the tortuous varicose veins between the knee and the 
ankle. 


have been observed one year after treatment in some series.? Many 
eases which apparently had a good result immediately following the 
injection treatment later have been observed to have a recurrence. No 
sclerosing solution should be injected into large, inelastic veins, when 
there is present an acute phlebitis or thrombosis, during the late months 
of pregnancy, or when there is an acute inflammatory area around a 
varicose ulceration. 

In 1930 Rogers‘ pointed out that sodium morrhuate, first reported by 
him in 1916, has the effect of sclerosing the intima of veins without 
increasing the coagulability of the blood, so that there appears to be 
no danger of resulting embolism. As the result of his experimental 
studies, Ochsner® agrees with Rogers and others that sodium morrhuate 
(5 per eent) is an effective substance in the treatment of varicose veins, 
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and he is inclined to the view that it is the most efficacious substance 
for the purpose. Ochsner and Mahorner® studied the effect of sclerosing 
agents and showed that some of them not only destroyed the intima 
but at times produced a coagulation necrosis of the media of the vein. 

Oceasionally there are seen following the injection of varicose veins 
inflammatory reactions which produced phlebitis in the injected extrem- 
ity or in the opposite one. Jacques! is of the opinion that some of the 
local reactions and periphlebitis are chemical in origin, but that in a 
large percentage of cases the lesion is an infectious one. He believes 
that such lesions arise from latent or ‘‘resting’’ infection in the wall of 
the affected varices. Such latent or ‘‘resting’’ infections may light up 
as the result of the injection of sclerosing solutions. 

Surgery.—Various operations have been devised for the treatment of 
varicose veins. My own choice is a method which combines ligation, 
stripping, and injection. Under general or spinal anesthesia the proce- 
dure is carried out as follows: The leg, thigh, and groin are prepared 
by shaving, ete. When the patient is placed upon the operating table, 
the extremity is elevated at 15 degrees. An Esmarech elastic rubber 
bandage is applied to the foot and the ankle. A second Esmarech band- 
age is applied from the ankle to the knee. To the skin of the thigh and 
groin an antiseptic solution is applied. Sterile towels and sheets are 
arranged to protect the operative field from contamination. An incision 
is made obliquely over the saphenous opening; the long saphenous vein 
is exposed, divided between clamps, and the proximal end doubly ligated. 
A Mayo vein stripper is used to strip the vein almost to the knee. A 
second incision is made while the vein stripper is in place, so that the 
vein passing through the ring of the stripper can be easily identified. 
The stripped vein is removed from the thigh through the small incision 
and most of the vessel is cut off. Into the distal end of the vein a 
cannula is inserted and fastened by a ligature. Through the cannula 
there are injected into the vein and its branches below the knee 5 to 10 
¢.c, of a 5 per cent solution of sodium morrhuate. Just as the solution 
is about to be introduced into the vein, the Esmarch bandage which was 
applied around the leg is removed. When all the solution has been in- 
jected, the vein is ligated; the incisions closed; and a compression band- 
age, made by applying a thick layer of absorbent cotton and rolling 
over it snugly a wide Ace bandage, is placed around the leg from the 
ankle to the knee. After the compression bandage is applied, the 
Esmareh bandage is removed from the foot. Varicosities that are not 
completely obliterated by the above procedure may be injected with 
sodium morrhuate at a later date. 

This method has given uniformly satisfactory results. The following 
ease illustrates what can be accomplished by its employment : 

A female, aged forty years, married, consulted me on August 26, 1935, on account 
of varicose veins. She stated that she was thirty-one years of age when she first 
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became pregnant. Her first baby was born on July 31, 1925. It was a full-term 
baby and delivery was normal. The child weighed seven and one-half pounds. She 
had not noticed any trouble with the veins of her legs during this pregnancy or im- 
mediately following it. She further stated that she had never had phlebitis following 
any infectious disease. 

In April, 1926, she became pregnant a second time. During this second pregnancy, 
the patient noticed varicose veins in both of her legs below the knees. As her preg- 
nancy advanced, the ‘condition grew worse. The veins in her abdomen were also 
noticeable. 

On January 30 and 31, 1927, she was delivered at full term of twin boys weighing 
eight pounds each. The deliveries were normal. Following these deliveries, the 
patient had a severe postpartum hemorrhage. She did not have phlebitis following 
delivery and the varicosities became much less prominent. Within three months the 
patient became pregnant again. During this pregnancy the varicose veins became 
very noticeable. On February 3, 1928, at full term, she gave birth to a boy weigh- 
ing eight and one-half pounds. 

For six years the patient did not become pregnant again, and she had no trouble 
with the varicose veins, although they were quite noticeable. She again became preg- 
nant toward the end of 1933. During this pregnancy she had a great deal of trouble 
with varicose veins in both lower extremities, involving the legs, thighs, groins, labia, 
and lower abdomen. She went to full term and was delivered normally of a ten- 
pound boy in September, 1934. Following this pregnancy, the varicose veins in her 
legs were prominent and she had considerable discomfort and cramping when she 
walked. 


In the spring of 1935 the patient went to Europe and while abroad did a great 
deal of walking. She stated that it was necessary for her to spend one day out of 
three in bed while in Europe on account of the discomfort from the varicose veins. 
The patient consulted me following her return from Europe. I advised her to be 
operated upon. 


An operation was performed on her by me at Columbia Hospital on September 4, 
1935, in accordance with the above described technique. Her convalescence was 
without incident. 


In March, 1936, the patient became pregnant again. She went through a normal 
pregnancy with the exception of high blood pressure and albumin in her urine. She 
had no trouble whatever with the varicose veins. She noticed that she had much less 
swelling of her ankles than in the former pregnancies. On December 24, 1936, 
she went through a normal labor and delivered a ten-pound, fourteen-ounce boy. Fol- 
lowing this last pregnancy, there has been no sign of any varicosities. 
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SOME EXPERIMENTAL OBSERVATIONS RELATING TO 
VISCERAL PAIN 


Rosert M. Moore, M.D., GALVESTON, TEX. 
(From the Department of Surgery, University of Texas, Medical Branch) 


N VIEW of the importance of pain as a symptom, it is surprising that 

so little is known of the processes by which pain arises in clinical 
conditions. Accurate bedside observations and careful autopsy studies 
have combined to furnish an empiric knowledge of pain that is of great 
use in diagnosis. In the majority of instances, however, the mechanism 
of pain production remains a mystery. 

Experimental studies of the causes of pain have been relatively few. 
There are obvious handicaps for those who seek to study pain by means 
of animal experimentation. Humane precepts forbid the use of con- 
scious subjects, but with anesthetized animals how is one to know when 
pain endings have been stimulated? 

Happily, during recent years, as a result of advances in knowledge 
of visceral neurology, there has been an awakened interest in the 
origins of visceral pain. In our own laboratory we have been engaged 
throughout a period of six years in a series of experimental studies 
of various aspects of pain sensibility. Observations made in experi- 
ments on more than 500 animals have been the basis for a number of 
brief reports in physiologic journals. It is proposed at this time to 
summarize these findings in the belief that they are of clinical interest. 
The report will be restricted to our own work since excellent reviews 
have been published by Kuntz (1934), Livingston (1935), White (1935), 
and others. 


I, PSEUDAFFECTIVE RESPONSES TO INTRAARTERIAL INJECTIONS OF IRRITANTS 
AS A METHOD FOR STUDYING PAIN SENSIBILITY 


Woodworth and Sherrington (1904) found that in the unanesthetized 
but decerebrate animal certain types of stimulation aroused movements 
simulating the outward expression of emotional states. For example, 
central stimulation of the sciatic nerve caused alternate movements of 
the limbs, dilatation of the pupils, opening of the mouth, retraction of 
the lips and tongue, snapping of the jaws, vocalization, either snarling 
or plaintive, and with these a transient increase of arterial blood pres- 
sure. The authors concluded that these ‘‘pseudaffective’’ reflexes re- 
sult from afferent ‘‘impulses that, were the brain intact, would, we 
may presume, evoke ‘pain.’’’ The destruction of the hemispheres and 
thalamus abolishes the neural mechanism of consciousness, but ‘‘leaves 
fairly intact the reflex motor machinery whose concurrent action is 
habitually taken as an outward accompaniment or expression of an in- 
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ward feeling. When the expression occurs it may be assumed that had 
the brain been present the feeling would have occurred.’’ Thus, by 
decerebration, one can dissociate the sensation of pain from its outward 
manifestations, and study in unconscious animals various factors which 
have to do with the origination and progression of impulses in pain 
fibers. 

In our laboratory it was noted (Moore and Moore, 1932) that in 
animals anesthetized with sodium amytal to a sufficient degree to per- 
mit the performance of laparotomy without notable reflex disturbance, 
injection of an irritating solution into the lumen of the femoral artery 
invariably provoked a similar reflex response. Apparently pain end- 
ings were stimulated to elicit a pseudaffective reaction, the experiment 
differing from that of Woodworth and Sherrington in that they had 
destroyed the hemispheres and thalamus surgically; whereas, we had 
depressed the function of the forebrain with the anesthetic substance. 
The majority of the experiments to be reported at this time are based 
upon this occurrence of a pseudaffective reaction when an irritating 
solution is injected down the artery of a decerebrate or of a barbitalized 
cat.* 

An interest in pain arising from arteries prompted us to make addi- 
tional observations (Moore and Moore, 1933). It was soon apparent 
that the stimulation did not result from distention of the artery, for 
innocuous solutions could be injected rapidly without producing reflex 
effects; whereas, irritant solutions provided strong stimulation when 
injected drop by drop. Similarly, it was found that the afferent stimu- 
lation did not take origin from a spasm of the arterial muscle. By means 
of a roentgenographie technique (Moore, Williams, and Singleton, 1933) 
it was possible to visualize the femoral artery at the moment when a 
painful stimulation was in progress and to see that the artery might 
be widely dilated relative to the companion vessel of the opposite limb. 
Therefore, we were led to conclude that the irritating solution acted 
directly upon nerve endings. 

In attempting to locate these pain endings, several significant observa- 
tions were made. The absence of an appreciable reaction when the 
solution was injected centrally into a vein excluded distant structures. 
The occurrence of intense responses upon injection of irritants into 
visceral arteries, such as the hepatie artery, showed that the cutaneous 
pain endings were not essential. Moreover, if the solution was confined 
to the trunk arteries by ligation of their branches or by embolic obstruc- 
tion of their branches, no reaction occurred. The experiments confirmed 
those of Odermatt (1922) and indicated that stimulation resulted only 
when conditions permitted the stimulating agent to reach the capillary 
bed in an effective strength. There has been no generally accepted 

*All intraarterial injections were made with the needle directed distally and with 


a ligature proximal to the site of injection, so that the solution fiowed toward the 
periphery in an empty arterial tree (Fig. 1a). 
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histologic demonstration of sensory nerve endings in the intima of 
arteries or in the capillary endothelium (Woollard, 1926; Kuntz, 1934). 
This fact, coupled with our more recent studies, has led to the conelu- 
sion that the pain endings are located in the intercellular spaces of the 
peripheral tissues where they are reached by the irritant as a result 
of its rapid diffusion through the capillary wall (Fig. 10). 

If this conclusion is correct, the sensibility is not arterial but resides 
in the tissues adjoining the capillary bed. Intraarterial injection is the 


Js 


Fig. 1.—a, Method of intraarterial injection. The irritant is injected distal to a 
ligature so that it passes to the periphery through an empty arterial tree. b, Dia- 
gram of nerve endings in intercellular spaces of heart muscle (after a photomicro- 
graph by Stodhr, 1928). Irritants injected by way of an artery apparently diffuse 
through the capillary wall to act upon such endings. 


most effective means of stimulating these pain endings, however, prob- 
ably because the stimulating agent is distributed to act on a large 
number of’ receptors at one time. We have observed repeatedly that 
a solution evoking signs of reflex stimulation when administered in this 
manner may fail to do so when injected directly into the tissues, a fact 
also noted by Burget and Livingston (1931). Therefore, most of our 
experiments have been based upon intraarterial injections of solutions 
of various kinds. 
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II, PAIN SENSIBILITY OF ARTERIES 


In some instances the intraarterial injection of a caustic, such as 
strong acid or alkali, provides sensory stimulation when the solution 
is confined to the large vessels. That the noncaustic irritants we have 
ordinarily used serve to stimulate, but do so only when they are per- 
mitted to flow distally into the capillary bed, suggests that pain end- 
ings are absent from the intima of the arteries and that the caustic 
solutions erode the vessel lining to reach afferent nerve endings demon- 
strable histologically in the outer coats. In our experience local stim- 
ulation by caustics has resulted more often from injections into veins, 
possibly because they have a thinner wall. Clinically it is observed 
that solutions which elicit local pain when given intravenously quite 
often cause thrombosis of the injected vein, another fact which can be 
construed to indicate that the agent has destroyed the intima and in- 
vaded the outer layers of the vascular coat. 

Surgeons frequently note pain incidental to mechanical manipulation 
of arteries. It has been suggested that this sensitivity to trauma is a 
function of the periarterial plexus (Odermatt, 1922). In our expe- 
rience when manipulation of arteries has given rise to reflex activity, 
examination revealed the presence of a visible nerve which had been 
traumatized along with the artery. In eases in which the blood vessel 
had been carefully isolated from all accompanying nerve trunks it was 
found that ‘neither ligation, clamping, stretching, puncture, nor any 
other form of mechanical manipulation gave rise to signs of reflex 
disturbance. The peripheral nerve branches are distributed with the 
peripheral arteries. Frequently the nerve is in contact with the wall 
of the artery and its branching takes place on the surface of the vessel. 
Under such conditions it may be impossible to manipulate the artery 
without injuring the nerve. The pain which arises from mechanical 
trauma, in our opinion, is properly explained on this basis. Such pain 
results neither from stimulation of nerve endings nor from a stimulation 
in the artery proper, but arises from physical injury to nerve fibers 
which are accidentally included in the manipulation. 

We are inclined to minimize the importance of distention of arteries 
as a mechanism giving rise to painful sensation (Moore and Moore, 
1933). We have produced visible distention of the femoral artery in 
amytalized animals by rapid injection of normal saline without eliciting 
any appreciable pseudaffective response to indicate that pain fibers 
had been stimulated. Knapp (1929) arrived at a similar conclusion. 

Spastie contraction of arteries is often accompanied by pain. There 
is no proof, however, that the spasm itself is painful. In our experi- 
ments the pain arising from injections of barium salts was neither 
abolished nor appreciably diminished by previous or simultaneous in- 
jections of large doses of vasodilator substances, such as nitroglycerine 
or acetylcholine. The spasm of Raynaud’s disease is the result of ex- 
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aggerated sympathetic vasoconstrictor activity and an identical form 
of spasm can be produced by administering adrenalin which stimulates 
the vasoconstrictor endings. But adrenalin does not cause pain when 
given by intraarterial or any other mode of administration. All forms 
of arterial spasm result in a proportionate ischemia. The spasm pro- 
duced by adrenalin causes only momentary ischemia; whereas, that of 
Raynaud’s disease may be maintained for hours until such profound 
chemical changes occur in peripheral tissues that gangrene results. It 
will be shown that these chemical changes ean affect nerve endings. We 
are not in a position to deny that arterial spasm is ever of itself pain- 
ful, but we are inclined to believe that it is relatively less important 
in the production of pain than are the chemical changes which result 
from the spasm. 


Ill, PAIN SENSIBILITY IN SOMATIC AND VISCERAL TISSUES 


In view of the rich supply of sensory endings in cutaneous areas, it 
might be presumed that reflex signs of painful stimulation following the 
injection of an irritating solution down the femoral artery arise from 
a stimulation of pain receptors in the skin. The cutaneous pain end- 
ings are not the sole source of the sensibility, however, for an intense 
pseudaffective reaction is elicited when a similar injection is made into 
an artery supplying a visceral organ. When, for example, 1.5 c¢.c. of 
the solution is injected into the hepatie artery of an amytalized cat, a 
marked reflex display makes its appearance. The animal struggles; it 
becomes hyperpneie; it tosses its head from side to side, and in many 
instances there is audible vocalization. The reaction appears within 
1.0 to 1.5 seconds after the beginning of the injection and its duration 
varies from 5 seconds in some animals to 30 seconds in others. Pro- 
found anesthesia is required to prevent its occurrence. 

In the initial study (Moore and Moore, 1933) 200 intraarterial in- 
jections of an irritant were made in approximately 100 animals. The 
usual result was a surprisingly strong reflex motor reaction following 
injection of any of the irritants used by way of any artery. The sen- 
sibility in question is therefore widespread. It is more acute in the 
tissues of the extremities than in those of visceral organs. In 93 in- 
stances an irritant was injected into an artery of an extremity. In all 
cases a pseudaffective reaction appeared and in 77 instances it was of 
ereat intensity. On the other hand, in 68 eases an irritant was injected 
into an abdominal artery of visceral distribution (hepatic, splenic, supe- 
rior mesenteric, renal), with response of full intensity in only 13 eases, 
of moderate intensity in 35, and absent or questionably present in the 
remaining 20. Even when the reaction was slight, however, the stimu- 
lation was of necessity considerable since the animals were anesthetized 
to a degree which permitted ordinary surgical procedures without no- 
table reflex disturbance. 
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In a more recent series of experiments (Moore and Singleton, 1935), 
injections of irritants into the myocardium by way of a coronary artery 
invariably provoked a marked reflex reaction and moderate responses 
were elicited from the lungs by injections into the pulmonary aorta. 

Throughout this series of experiments there was evidence of strong 
stimulation of pain elements when an irritating solution was injected 
by way of any artery. The study as a whole justifies the conclusion 
that some degree of pain sensibility is present in all organs. 


IV. PERIPHERAL PATHS OF PAIN FIBERS SUBSERVING THIS SENSIBILITY 


Determination of the peripheral nerves which must be cut to pre- 
vent the reaction to an intraarterial injection makes it possible to map 
the peripheral course of the pain fibers to the region supplied by a 
given artery (Moore and Singleton, 1933). In this manner it can be 
shown that the fibers which end in relation to the capillary bed of the 
femoral artery pass to the spinal cord by way of the peripheral branch- 
ings of the spinal nerves, such as the sciatic and femoral nerves. Sec- 
tion of all trunks of the lumbosacral plexus abolishes the reaction from 
injection of the femoral artery. No appreciable number of the fibers 
ascend the artery for any great distance, for periarterial neurectomy 
does not abolish the response. A similar scheme of sensory innervation 
applies to the brachial artery. In each instance, femoral or brachial, 
sensory nerves join the artery at intervals in its course, for distribu- 
tion to the peripheral tissues. Periarterial neurectomy at the root of 
the extremity, at best, anesthetizes only a small portion of the extremity. 
It should not be recommended, therefore, to abolish the pain accompany- 
ing peripheral arterial disease. 

Either the upper or lower extremity, moreover, is rendered totally 
anesthetic to intraarterial injections when a sufficient number of poste- 
rior spinal nerve roots are sectioned. This indicates that pain fibers 
enter the spinal cord by way of the posterior roots only, as stated in 
the Bell-Magendie law, notwithstanding frequent claims to the contrary. 

When irritating solutions are injected into the abdominal organs by 
way of their arteries, pain reactions are aroused. By determining which ° 
nerves must be cut to prevent these responses, it has been possible to 
determine the paths of the pain fibers to certain organs (Moore and 
Singleton, 1933). Fig. 2 illustrates these paths in the cat. The vagal 
cords at the cardia of the stomach contain motor and secretory fibers 
and also inelude afferent fibers which are instrumental in the production 
of vomiting (Walton, Moore, and Graham, 1931). Our experiments 
show, however, that the vagi contain no pain fibers from the abdominal 
viscera. The sympathetic trunks, lying at each side of the aorta (but 
projected laterally in the diagram, Fig. 2), give off ‘‘splanehniec’’ 
branches to the viscera. These are the pain nerves for the abdominal 
organs. Each organ receives its blood supply from the aorta. As its 
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artery leaves the aorta, it becomes ensheathed with nerve fibers from 
the adjacent sympathetic trunks. These fibers run with the artery to 
enter the organ at its hilus. Periarterial neurectomy performed upon 
the pedicle of an abdominal viscus does destroy the innervation of the 
organ, paralyzing its blood vessels and rendering it anesthetic. In this 
respect the nerve paths to the viscera differ from those to the extremities. 
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Fig. 2.—Diagram of peripheral paths of pain fibers accompanying the arteries to 
the abdominal viscera of the cat (see text). These fibers subserve local or “splanch- 
nic” pain. Arteries: 1, hepatic; 2, splenic; 3, superior mesenteric; 4, renal; 5, in- 
ferior mesenteric. (From Moore and Singleton: Am. J. Physiol. 104: 271, 1933.) 

The pain fibers from the liver and spleen course along their respective 
arteries to join the major splanchnic nerves and continue by way of 
these nerves to reach the spinal cord in the lower thoracic region. Pain 
fibers from the kidneys and intestine pass to the sympathetic trunk by 
one of its abdominal or minor splanchnic branches and enter the spinal 
cord, at least in part in the lumbar region. These paths, shown in Fig. 
2, appertain in the cat. In man the details may differ, but it is logical 
to presume that the same general arrangement applies. 
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When the sympathetic trunks and their splanchnic branches are re- 
moved, the abdominal organs are rendered anesthetic, although the vagus 
and phrenic nerves are left intact. In making this statement we are 
excepting the parietal peritoneum, which receives its nerve supply from 
somatic or spinal nerves ending in the overlying body wall. It is not 
anesthetized by lumbar sympathectomy and splanchnotomy. Its sensi- 
bility, however, can be excluded in the experiments outlined above. For 
example, the spleen of the cat floats freely in the omentum without liga- 
mentous attachment to the parietal peritoneum or to the body wall. Yet, 
when an irritant is injected into the splenic artery, a pseudaffective 
reaction occurs. Similarly, the kidney can be freed in its bed, its 
peritoneum stripped and the organ lifted up, isolated from the body 
except for its pedicle containing artery, vein, and perivascular nerves 
and lymphatics. An injection of the organ through its artery still 
evokes a reflex reaction, although it has been isolated from the adjacent 
somatic structures. Thus the viscera possess a pain sensibility which is 
independent of the parietal peritoneum and which is subserved by 
visceral fibers which pass to the spinal cord by way of the sympathetic 
and splanchnic trunks. 

In a number of animals in which all sympathetic and splanchnic 
paths from the abdomen had been previously interrupted a laparotomy 
was done under light sodium amytal anesthesia. There was constant 
reflex activity during the incision of the skin and again during the 
cutting of the submuscular fascial layer (the posterior rectus sheath 
fused with the parietal peritoneum). But when this work in the domain 
of the intercostal nerves was completed and the abdomen was opened, 
it was found that the abdominal contents could be traumatized freely 
without causing the slightest reflex effect. Thus, in respect to their 
afferent components, the sympathetic trunks and their splanchnic 
branches are the true pain nerves of the abdominal organs. 

We have injected irritants into the heart muscle by way of the 
coronary arteries (Moore and Singleton, 1935). Injection of 0.5 ee. 
of 20 per cent lactic acid in decerebrate animals caused instantaneous 
and very marked reflex activity associated with a rapidly progressing 
black discoloration of practically the entire wall of the ventricle of that 
side. This was followed in five or ten seconds by acute dilatation of the 
ventricles, the resulting diminution in eardiae output rapidly leading 
to asphyxia. By this technique we believe we stimulated the same pain 
endings as are affected in coronary thrombosis or occlusion. 

The cervicothoracie sympathetic trunk in the eat differs from that 
of man in that the inferior ganglion is fused with the upper two thoracic 
ganglia to form the large so-called stellate ganglion. Injection of lactie 
acid into the left coronary artery in fifteen cats in which the left upper 
thoracic sympathetic chain was intact caused, in every instance, an 
immediate and marked pain reaction. Sinee in a number of these 
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animals both cervical sympathetic trunks had been removed in their 
entirety, it was concluded that bilateral cervical sympathectomy does 
not interrupt the pain fibers which supply the left coronary artery. In 
contrast, injection into the left artery caused no reflex effect whatever 
in any of nine animals in which the left upper thoracic trunk had been 
removed from above the stellate ganglion to the seventh rib, although in 
these animals the cervieal trunks and the right thoracic trunk were left 
undisturbed. Apparently all of the pain fibers to the tissues supplied by 
the left coronary artery pass to the spinal cord by way of the left upper 
thoracic sympathetic trunk. Similar experiments have shown that the 
tissues supplied by the right coronary artery are anesthetized by re- 
section of the right sympathetie trunk and that the preponderance of 
these fibers pass to the cord by way of the thoracic segments. 
Demonstration that the pain fibers from the eoronary arteries enter 
the sympathetic trunk in the upper thoracic region confirms the belief 
of Mixter and White (1931) that resection of the upper thoracic ganglia 
is of more value in relieving the pain of angina than is cervical svmpa- 
thectomy. The purely homolateral sensory innervation of each coronary 
artery is, however, a novel finding. Perhaps its anatomic¢ basis lies in 
the fact that the deep cardiac plexus which supplies the coronary arteries 
is composed of right and left parts having very slight intercommuniea- 
tion, each part receiving its central connections from the sympathetic 
trunk of the same side. If this scheme of homolateral afferent innerva- 
tion applies in man, before attempting to relieve coronary pain one must 
determine from the electrocardiographie tracing which coronary artery, 
right or left, is the one diseased. Once this point is established, resection 
or injection of the upper thoracic portion of the homolateral sympathetic 
trunk should be the operation of choice. 


V. CHEMICAL STIMULATION OF PAIN RECEPTORS 


Since it has been suggested from time to time that chemical changes 
in diseased tissues may initiate pain, we interested ourselves in deter- 
mining the chemical properties which can serve as a stimulus to pain 
endings (Moore, Moore, and Singleton, 1934).* Isotonie or normal 
sodium chloride solution (0.9 per cent) ean be injected by way of any 
artery in any quantity and at any rate without producing painful stimu- 
lation. The injection may be so rapid as to distend the artery visibly. 
If, however, one injects a series of solutions of progressively increasing 
sodium chloride concentration, it is found that when the concentration 
reaches 3.0 per cent or half-molar strength strong stimulation of pain 
elements results. This is true for all salts tested, and it can be stated 

*It was found that in cats of average size an injection of 1.5 ¢c. in the case of 
the femoral artery (or 1.0 cc. in case of the brachial) sufficed to irritate the 
capillary bed and to elicit a pseudaffective reaction when a threshold concentration 


of the irritant was used. Therefore, in testing sensibility, this volume of solution 
was injected. 
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as a general principle that any hypertonie solution with total salt eon- 
tent approximating half-molar is irritating to pain endings. 


Upon injecting a series of solutions of progressively diminishing 
sodium chloride concentration, it is found that painful stimulation oeceurs 
when the content falls to 0.3 per cent or one-third isotonic. This prop- 
erty, in turn, is common to all decidedly hypotonic solutions, distilled 


water giving strong stimulation. 

Normal or isotoni¢e saline becomes irritating when it is made acid or 
alkaline in reaction. By means of injections of a series of carefully 
adjusted buffer mixtures, it has been possible to demonstrate that normal 
saline becomes irritating to pain endings when the acidity reaches pH 
6.3, a very slightly acid solution. On the other hand, when alkali is 
added to saline, irritation does not result until the alkalinity reaches 
the degree indieated by pH 9.2. Thus pain endings are more sensitive 
to acid than to base. 

An isotonic solution which is neutral in reaction, moreover, may be 
irritating if it contains one of certain ions (Moore, Moore, and Singleton, 
1934). Thus, although a half-molar solution of sodium chloride or of 
calcium ehloride or of lithium chloride is required to irritate, chlorides 
of some elements evoke stimulation of pain endings in much lower con- 
centration. For example, potassium chloride and rubidium chloride 
stimulate in twentieth-molar solution; whereas, barium chloride provides 
stimulation in fiftieth-molar concentration (Table I). Since the chloride 
anion is common to both groups, this difference is obviously a property 
of the metallic cation. Chlorides, therefore, fall into two groups, those 
of the sodium chloride group (LiCl, NaCl, CsCl, MgCl, CaCl, -and 
SrCl,) which are irritating only when present in high coneentration 
and then as a result of an osmotie or salt effeet, and those of the po- 
tassium chloride group (KCI, RbCl, and BaCl.) which provide strong 
stimulation in concentrations so low as to indicate a specifie effect of the 
positive ion.* 

Still a third group of chlorides may be distinguished. This group 
includes MgCl., CaCl., and SrCl.. Although belonging to the sodium 
chloride group in that they themselves provide stimulation only in high 
concentration, they exhibit an additional action. Their presence pre- 
vents or antagonizes the stimulating action of the salts of the potassium 
eroup (Moore, 1934). Thus, whereas an isotonie mixture consisting of 
3 parts of KC] and 7 parts of NaCl is highly irritating, an isotonic mix- 
ture containing 7 parts of KCl and 3 parts of MgCl, fails to stimulate. 
The magnesium salt apparently protects the pain endings from the 
harmful effect of the potassium ion. Similarly, magnesium compounds 
antagonize the irritant action of rubidium, of barium, of acid, of alkal, 
and of distilled water. 


*Similarly, testing a series of scdium compounds, it was found that the citrate 
anion possesses a marked irritating power (Table I) 
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TABLE L 


MINIMUM CONCENTRATIONS OF VARIOUS SALTS STIMULATING PAIN RECEPTORS 
ON INTRAARTERIAL INJECTION 


MOLAR CONCENTRATION REQUIRED FOR STIMULATION 
SALT CATION ANION TOTAL IONS 


REAGENT 


Chlorides 


Sodium chloride 0.51 0.39 0.39 0.79 
Lithium chloride 0.47 0.36 0.36 0.72 
Cesium chloride 0.45 0.35 0.35 0.70 
Caleium chloride 0.41 0.28 0:33 0.83 
Magnesium chloride 0.295 0.20 0.40 0.60 
Strontium chloride 0.19 0.12 0.24 0.36 
Potassium chloride 0.05 0.04 0.04 0.08 
Rubidium chloride 0.05 0.04 0.04 0.08 


Barium chloride 0.02 0.02 0.05 


Sodium Salts 


Sodium chloride 0.51 0.39 | 0.39 0.79 
Sodium bromide 0.59 0.51 0.5 0.62 
Sodium iodide 0.33 0.27 0.27 0.53 
Sodium nitrate 0.33 0.25 0.25 0.50 
Sodium thiocyanate 0.33 0.24 0.24 0.48 
Sodium acetate 0.33 0.23 0.23 0.46 
Sodium sulfate 0.32 0.33 0.16 0.49 
Sodium fluoride 0.12 0.10 0.10 0.20 


Sodium citrate 0.11 0.14 


Potassium Salts 


Potassium chloride 0.04 0.04 0.04 0.08 

Potassium nitrate | 0.10 | 0.08 0.08 0.16 

Potassium bromide 0.04 | 0.04 0.04 0.07 


Potassium iodide 0.03 0.08 0.05 


The similarity of these results to those obtained by physiologists in 
studies of irritability of unicellular organisms suggests an interpretation 
in terms of the permeability of the nerve membrane (Lillie, 1923). The 
cell membrane is freely permeable to water. Water passes rapidly into 
the cell or out of the cell in the direction of higher salt concentration. 
Thus, when a nerve ending is bathed in a hypertonic¢ solution, the excess 
salt outside the structure effects a rapid passage of water out through 
the nerve membrane. The nerve ending is rapidly shrunken to the point 
of injury when irritation of the nerve results and pain is felt. Con- 
versely, when a cell is bathed in a hypotonie solution, excess water with- 
out the cell flows rapidly toward the higher salt concentration of the 
interior. This sudden swelling of the pain receptor results in stimula- 
tion. Acids and alkalies penetrate the cell membrane to give rise to stim- 
ulation. The ions of the potassium-rubidium-barium group are known 
to penetrate the cell membrane many times as rapidly as do the ions 
of the sodium group and to effect stimulation through chemical change 
and swelling. In contrast, magnesium compounds have a protective in- 
fluence which physiologists term ‘‘stabilization’’ of the cell membrane. 
They seal the membrane and make it temporarily impermeable, thus pre- 
venting the deleterious effects of water, acid, or potassium. This mag- 
nesium action on the pain ending is similar to the supposed action of 
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narcotics, which render the nerve membrane impervious and thus make 
the receptor relatively indifferent to environmental changes. 

It is of interest to consider what these results may suggest with ref- 
erence to possible chemical origins of pain in disease conditions. It is 
doubtful that in pathologie states the fluctuations of salt content are of 
sufficient extent to account for painful stimulation. Moreover, rubidium 
and barium ions are not normal constituents of the living body. Po- 
tassium, however, is important in the economy of life. Because of its 
propensity for rapid penetration of cell membranes, the bulk of the 
potassium under normal circumstances is found concentrated within the 
cells. When cells are injured, as in inflammation, these potassium stores 
are poured out into the intercellular fluids which bathe the nerveend- 
ings. Various investigators (Habler and Hummel, 1923; Reimers, 1932) 
have reported potassium content in inflammatory exudates, in necrotic 
tissue, and in pus which greatly exceeds that concentration shown in 
Table I to be capable of stimulating pain elements. 

The degree of alkalinity indicated by pH 9.2 can seareely arise in the 
living body. Moreover, the blood is so admirably buffered that the 
slight acidity represented by pH 6.8 cannot develop in the presence of 
a normal circulation. <A different state of affairs exists, however, when 
tissues are deprived of their proper circulation. In this connection ex- 
periments will now be described which indicate that cardiac muscle or 
skeletal muscle contracting under conditions of oxygen lack actually 
develops an acidity which exceeds the threshold found sufficient to pro- 
duce painful stimulation. 


VI. ACID PRODUCTION IN THE FUNCTIONING HEART UNDER CONDITIONS 
OF ISCHEMIA 


Lewis, Pickering, and Rothschild (1931) concluded that in ischemic 
contraction of skeletal muscle pain results from a stimulus which is 
derived from the accumulation of some product of physiologic processes. 
Katz (1935) has concluded that anginal pain arises from the accumula- 
tion of a metabolic product which ‘‘appears to be acid in character.’’ 
Meyerhof and Lohmann (1926) found that frog muscle may attain an 
acidity as great as pH 5.6 on complete fatigue. Dawson and Bodansky 
(1931) demonstrated that perfusion of the mammalian heart may be 
interrupted for a period sufficient to render subsequent washings as acid 
as pH _ 5.3. In view of these findings, the experiments described in Part 
V of this report, indicating that pain endings are stimulated by intra- 
arterial injections of solutions as weakly acid as pH 6.3, suggest that 
pain arising in ischemic tissues is acid in origin. However, since the 
observations of Meyerhof and Lohmann were made on washings of ex- 
cised muscle and those of Dawson and Bodansky on the isolated heart, 
it seemed desirable to attempt to measure the accumulation of acid in 
ischemic tissues under less artificial conditions. 
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For this purpose we have determined, in a series of animals, the 
acidity of blood obtained from the veins of the functioning heart at 
varying intervals after ligation of both coronary arteries (Moore and 
Greenberg, 1937). The experiments were performed upon eats and dogs 
anesthetized with Dial (Ciba). Under artificial respiration the thorax 
was opened, the pericardium was entered, and a ligature was passed 
beneath the stem of each coronary artery proximal to its first major 
branch (Fig. 3). On tying these ligatures the ventricles were deprived 
of virtually their entire supply of arterial blood. 

After ligation of both arteries, the contractions of the heart rapidly 
emptied all blood from the coronary veins. Therefore, in order to obtain 
a sample of coronary venous blood after the prescribed period of 
ischemia, it was necessary to confine blood in the veins by ligating the 
chief tributaries of the coronary venous sinus immediately after ligating 
the coronary arteries (Fig. 3). The coronary venous samples consisted, 
therefore, of normally alkaline venous blood trapped in the veins at the 
moment of ligation admixed with acid blood added to the sample as the 
heart contracted, the first ingredient serving to dilute and to neutralize 
the second. It is obvious that any lowering of pH in such mixtures 
reflected a much greater fall in pH in the capillaries and tissue spaces 
of the laboring muscle. 

Ligation of both coronary arteries invariably resulted in acute dilata- 
tion of both ventricles which made its appearance in from three to ten 
minutes after the arteries had been ligated. At the first appearance of 
ventricular dilatation, the venous samples were taken. 

The coronary venous blood showed a marked lowering of pH; whereas, 
the lactic acid content was increased greatly. In a series of 18 successful 
experiments, the period of ischemia ranging from three to nine minutes, 
the actual fall in pH as indicated by comparison with blood from the 
vena cava varied from 0.22 to 0.81 pH units and exceeded 0.50 in 9 of 
the 18 experiments. In 3 animals the pH fell below 6.6 and in 1 animal 
it reached 6.4. We believe these pH values are the lowest ever reported 
for blood from the living animal. They illustrate how rapidly acid 
metabolites accumulate when functioning tissues are deprived of arterial 
cireulation (Moore and Greenberg, 1937). 

As shown above, the coronary venous sample was in reality a mixed 
sample and the lowering of its pH to 6.6 or below indicated a much 
ereater change in the cardiac muscle. Again, the chemical change was 
minimized because of the brief duration of the experiments. The blood 
samples were taken after a few minutes of ischemic contraction on ac- 
count of impending ventricular dilatation. The individual muscle fibers 
were not completely exhausted, but were still contracting at the moment 
the samples were drawn. In the clinical ease of myocardial infarction, 
however, a less extensive area of the heart being involved, the organ 
as a whole may continue its function for many hours while the infareted 
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area becomes exhausted to the point of necrosis. It is apparent that 
in such cases the accumulation of acid metabolites in the ischemic area 
ean well be of a magnitude to account for pain. <A similar conelusion 
is suggested with reference to the pain in ischemic extremities, since 
Katz, Kerridge, and Long (1925) found that skeletal muscle becomes 
even more acid than cardiac muscle when stimulated to fatigue.* 


DISCUSSION OF EXPERIMENTAL RESULTS WiTH REFERENCE TO PAIN OCCURRING 
IN CLINICAL CONDITIONS 


In most discussions of visceral pain the emphasis has been placed 
upon the sensitivity of the parietal layers of the serous membranes 
and upon referred pain (Head, 1893; Mackenzie, 1893). However, a 
number of observers (Ross, 1888; Hurst, 1911; Ryle, 1928 and 1929; 
Morley, 1929; Rudolf and Smith, 1930) have stressed the local or 
‘*splanchnie’’ pain felt in the viscus itself, and an increasing number 
of clinicians are coming to recognize that such pain exists and may 
be of aid in establishing a proper diagnosis. 

By means of the method of intraarterial injection described in Part 
I, it has been demonstrated that pain endings are widely distributed 
to somatic and to visceral structures, and that the viscera possess a 
pain sensibility of their own which is entirely independent of the 
parietal peritoneum and of the body wall (Part III). By means of 
additional experiments (Part IV) it was possible to trace the periph- 
eral paths of the afferent nerve fibers subserving this sensibility. 
They reach the viscera by accompanying the arteries. Those supply- 
ing the abdominal organs pass to the spinal cord by way of the sym- 
pathetic trunks and their splanchnic branches as shown in Fig. 2. The 
fibers for the thoracic viscera traverse the thoracic sympathetic 
trunks. In both instances the fibers enter the spinal cord by way of 
the rami communicantes and the posterior spinal roots. The experi- 
ments apparently exclude the vagus and phrenic nerves from any 
part in the supply of pain fibers to the abdominal organs. Further- 
more, we have seen no indication that these nerves contribute to the 
pain sensibility of the heart and lungs. In view of certain referred 
pains it seems probable that the phrenic nerves do convey sensory 
fibers from the diaphragm. The diaphragm, however, is a somatic 
structure. From the experimental evidence we are led to conelude 
that the sensory innervation of the abdominal and thoracic viscera is 
uniformly a function of a group of posterior root fibers which reach 
the organs by traversing the rami communicantes and the sympathetie 
trunks. 


*In a separate series of animals, all of the major cardiac veins were ligated to 
produce venous congestion. Although the heart became markediy congested and 
its surface ‘‘wept’’ copiously from transudation, the lowering of the pH of the 
coronary venous blood was so slight as to he questionable and there was no con- 
stant change in the lactic acid content. After twenty to thirty minutes of congestion, 
the heart continued to perform its function in an apparently normal manner (Moore 
and Greenberg, 1937). 
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It is our belief that this group of visceral pain fibers constitutes the 
peripheral conduction mechanism underlying the ‘‘splanchnie’’ pain 
of Ross and later observers. Its anatomic arrangement is consistent 
with the character of visceral pain. For example, the peripheral 
paths are entirely distinct from those of the somatic afferent fibers 
which supply the parietal serous membranes. This anatomic separa- 
tion is in line with the functional independence of the two groups of 
fibers which is evidenced by clinical observation. ‘‘Splanchnic’’ pain 
is usually a nauseating pain, rather indefinitely localized in the pit of 
the abdomen. Apparently it signifies a disturbance within the con- 
fines of the viscus (Ryle, 1926). An illustration is the epigastric pain 
at the onset of appendicitis, due, according to Morley (1928), to in- 
creased intraappendicular tension. However, if inflammation de- 
velops and spreads to the parietal peritoneum, the disease syndrome 
undergoes a sudden transformation. The pain shifts to the right 
lower quadrant and immediately becomes accompanied by acute ten- 
derness, cutaneous hyperalgesia, and reflex spasm of the overlying 
body wall. The sharp contrast in these two clinical pictures is readily 
understood in view of the complete independence of the two afferent 
nerve systems which are involved. 

Furthermore, although the system of pain fibers supplying the 
viscera is a segmental system to the extent that fibers from each viscus 
enter the spinal cord within a certain regional zone, our experiments 
in abolishing visceral sensibility by posterior root section indicate that 
these zones are broad, the zone for each organ including a number of 
spinal segments. Head (1893) arrived at a similar conclusion in at- 
tempting to assign a segmental level to each viscus from his observa- 
tions upon referred pain. This plurisegmental spinal representation 
is no doubt one reason for the diffuse nature of many ‘‘splanchnic”’ 
pains. However, in accounting for the tendency for visceral pain to 
be vague and poorly localized there are additional factors to note. 
Certain of our experiments suggest a quantitative element, since they 
indicate that pain fibers are less richly supplied to the internal organs 
than to the skin. Furthermore, in this connection it should be re- 
called that the ability to discriminate between stimuli applied at 
separate points in somatic areas is not perfect at birth. It is de- 
veloped with the aid of experience and the special senses. In time it 
becomes quite accurate for stimuli affecting the surface of the body, 
especially in areas which the individual can touch and see. In con- 
trast, the ability remains poorly developed for stimulation arising in 
internal organs where painful processes are infrequent and the special 
senses can be of little aid. 

In considering the changes which may serve to produce visceral 
pain, certain points are frequently overlooked. It must be remem- 
bered that injury to a pain fiber at any point along its course may 
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give rise to painful sensation just as does stimulation of its ending. 
Most nerve trunks and nerve branches contain a proportion of pain 
fibers. When such mixed nerves are injured, the sensation of pain is 
aroused. It is probable that a great part of the pain incident to surgi- 
cal procedures arises from such accidental traumatization of pain 
fibers rather than from stimulation of pain endings. 

Surgeons recognize that pain may arise when a major nerve trunk 
is traumatized (e.g., cervical rib). Curiously enough, however, the 
principle is usually forgotten when the nerves concerned are small or 
microscopic. Consequently, there has been a tendency to consider any 
occurrence of pain during surgical manipulations of the viscera as evi- 
dence of a specific sensitivity supplied for the express purpose of pro- 
tecting the viscus from that particular form of trauma. For example, 
it is a matter of common surgical experience that in operations under 
imperfect local anesthesia the patient is particularly apt to experience 
pain from manipulation about the arteries. As a result, the arteries 
have been assigned a sensitivity to almost every form of mechanical 
trauma. However, results from experimental traumatization of ar- 
teries presented in Part II suggest that this sensitivity does not reside 
in the vessel, but that it is a property of the mixed nerve which in- 
variably accompanies the artery. During most surgical procedures 
there is gross injury to pain fibers and pain endings. For this reason 
observations on pain which accompanies such operations are not a 
proper basis for deductions regarding the origin of pain in disease. 

Sensory nerve fibers as a class end in relation to some specialized 
terminal body or end organ. An example is the taste bud. Because 
of its specialized structure, it is sensitive to the chemical variations 
which are recognized as taste. Furthermore, it encapsulates the nerve 
ending and protects it from other types of stimulation. Thus, by 
virtue of its end organ, the taste fiber has a specific sensitivity. Simi- 
larly, many cutaneous endings have specialized receptors which ren- 
der them particularly sensitive to touch, warmth, or cold. According 
to histologic studies, however, the pain fiber is an exception. It ter- 
minates as a bare, naked nerve ending without any specialized end 
structure (Ranson, 1936). Therefore its sensitivity cannot be specific, 
but is merely that of nerve tissue, namely, a highly developed irri- 
tability, or, in reality, a sensitivity to trauma. Every pain arises from 
some trauma to pain endings or to pain fibers. The injury may be 
mechanical, chemical, thermal, or electric, but the stimulus is always 
some form of trauma. 

Since pain endings are stimulated by trauma, the observation that 
the surgeon can crush or cauterize the intestine without eliciting pain 
must mean that in such manipulations too few of the scattered nerve 
endings are injured at one time to provide a stimulation sufficient to 
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reach conscious levels. If a large surface of the intestine was burned at 
one moment, pain might well result. Certainly the localities in which 
abdominal pain fibers are concentrated are sensitive to heat and 
cauterization of a major splanchnic nerve provides a tremendous 
stimulus. It is a common physiologic observation that in areas of low 
sensibility massive stimulation may be required to elicit sensation. 
This is illustrated by our own experiments in which pseudaffective 
reactions were evoked when irritants were injected by way of the 
splenic artery. Although the spleen is insensitive to most manipula- 
tions, the intraarterial injections were effective, presumably because 
administration by way of the artery distributed the stimulus so that 
it acted upon a large number of receptors at one time. 

Physiologically, the nerve elements supplied to the body surface 
constitute an exteroceptive mechanism which apprises the individual 
of changes in the external environment. In this somatic system lies 
the defense against the violence of wounds. Although the greater 
part of the sensitivity resides in the skin, there is certainly some 
protection in the deeper parietal layers where the offending instru- 
ment encounters nerve trunks and pain fibers, as well as pain end- 
ings. Onee the knife has entered the peritoneal cavity, however, 
it may produce extensive visceral injury without eliciting pain. In 
veneral, the visceral organs are insensitive to this form of stimulation. 
We have suggested that this insensitivity should be attributed in part 
to the scattered distribution of pain fibers in visceral areas and in 
part to the tendency of more moderate discharges from internal or- 
gans to expend themselves upon lower centers of the nervous system 
without ascending to conscious levels. 


We have encountered no evidence whatever of any qualitative dif- 
ference between the pain endings supplied to the viscera and those 
supplied to the skin. However, the viscera are not normally subjected 
to the external stimuli which play upon the surface receptors. Vis- 
ceral pain arises from changes in the internal environment and the 
processes of internal stimulation may differ from those for the skin. 
Nevertheless, in view of the nonspecific nature of the sensitivity of 
pain endings, the visceral stimuli, whatever their character, must act 
upon the nerve ending by producing a trauma. This trauma is not 
necessarily mechanical. It may well be chemical or physicochemical 
as other experiments have shown. 


Exaggerated-contractions of its smooth muscle often give pain which 


Among the most striking pains seen in visceral disease are those 7 

associated w mechanical disturbances in the hollow organs. Clini- 

cal evidence suggests that these pains are the result of undue tension - 

or sudden changes in tension in the wall of the organ involved (Kuntz, a 

1934). “Distention of an organ may give rise to continuous pain. a 
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has a rhythmic character. In either instance the pain is associated 
with distortion. It seems reasonable that in such conditions the nerve 
elements can be affected mechanically. In distended organs nerve 
fibers could be deformed by stretching; whereas, in spastic organs the 
nerve elements might be actually compressed. On the contrary, how- 
ever, the stimulation may be other than mechanical. When the wall 
of a hollow viscus is subjected to tension, its blood-vessels are pro- 
portionately collapsed. Thus, teuse muscle is ischemic muscle, and 
our experiments have shown that in ischemic tissues definite chemical 
changes occur and must be considered im explaining the cause of 
visceral pain. 

A second source of visceral pain is inflammation. It has been cus- 
temary to ascribe the pain of inflammatory lesions to the mechanical 
effects of the swelling. There seems to bento reason to deny that the 
interstitial tension developed in many inflammatory swellings may 
act to compress and distort pain endings to the point of stimulation. 
However, the pain in inflammatory lesions is not always proportion- 
ate to the tumefaction or to the induration. Some stony-hard inflam- 
mations give surprisingly little discomfort and in angioneurotic edema 
extreme swelling may arise rapidly without producing pain. For this 
reason it is probable that additional factors play a part. 

Our experiments demonstrate that pain endings are highly sensitive 
to the potassium ion (Table I). As noted in Part V, this finding is of 
interest with regard to pain arising in inflammations, since various 
observers have found the potassium content to be elevated in inflam- 
matory fluids. It is quite possible that in inflammation various chemi- 
cal changes operate to produce pain. This view is strengthened by 
indirect evidence that the nerve endings in inflamed areas are hyper- 
sensitive. In unpublished experiments performed in collaboration 
with H. Klaproth, we irradiated one lower extremity in a series of 
animals. After hyperemia had developed, it was found by intra- 
arterial injections that the pain endines of the irradiated limb were 
stimulated by abnormally low concentrations of an irritant; whereas, 
those of the untreated limb showed the same irritability as in normal 
animals. At present we have other experiments in progress to test the 
part which chemical changes may play in the production of pain in 
inflammation, 

In our opi on the third major source of visceral pain is arterial 
. obstruction jor ischemia. During the past few years there has been a 
“Browing tenileney to attribute to such pain a chemical cause. The 
one factor commonto“all ischemic conditions is deficient circulation. 
As-a consequence, ischemic lesions uniformly represent areas in which 
<) the acid débris of anoxidative metabolism has accumulated in propor- 

tion to the degree of isolation from the arterial stream. For this 
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reason many writers have suggested an acid origin for pain associated 
with lesions of this type both in the extremities and in the heart. 

In one group of experiments (Part V) we have determined the de- 
gree of acid reaction required to stimulate pain endings. Jn another 
series of animals (Part VI) we have measured the acidity of the blood 
from the ischemic heart. The experimental results indicate that in 
coronary obstruction the accumulation of acid metabolites in the area 
devoid of arterial circulation constitutes an adequate stimulus to 
arouse cardiac pain. 

Pain resulting from changes arising within the body is of important 
service in the adjustment of the organism in health and in disease. 
The clinical interpretation of such pain is difficult. In many instances 
this is because the mechanism of pain production remains obscure. 
Experimental studies of the physiologic processes underlying visceral 
pain bear considerable promise, and attention to the part which chemi- 
cal stimuli may play seems of such importance as to repay still fur- 
ther investigation. 


SUMMARY 


Injection of irritating solutions into the tissues by way of an artery 
serves to stimulate pain endings which are located in the vicinity of 
the capillary bed. Both in decerebrate and in barbitalized animals 
this stimulation results in characteristic reflex activity of a pseud- 
affective nature (Part I). 

By observing the occurrence or absence of such pseudaffective reac- 
tions following intraarterial injections, results have been obtained 
which are of interest in connection with various problems relating to 
visceral pain (Parts II to VI). 

The appearance of pseudaffective reactions when injections are 
made by way of visceral arteries demonstrates that the internal or- 
gans are sensitive to pain. Experiments show, moreover, that the 
vagus and phrenic nerves play no part in this sensibility. It is sup- 
plied by a group of posterior root fibers which traverse the rami com- 
municantes and the sympathetic trunks or the splanchnic nerves. 
This system of pain fibers to the viscera is entirely distinct from the 
somatic system which subserves the sensibility of the parietal layers 
of the serous membranes. Apparently it constitutes the conduction 
mechanism underlying the local or so-called ‘‘splanchnic’’ form of 
visceral pain. 

A study with reference to arterial pain sensibility is reported. It 
is believed that the manipulation of arteries gives rise to pain largely 
as a result of trauma to the accompanying gross nerve trunks. 

Other observations bear upon the sensitivity of pain endings to 
chemical solutions and suggest that the interpretation of stimulation 
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in terms of cell membrane permeability may be extended to apply to 
the production of pain. Substances which penetrate the membrane 
rapidly have a marked stimulating effect. Thus, pain endings are 
sensitive to concentrations of potassium ion known to exist in inflam- 


matory fluids. In contrast, magnesium salts protect the nerve mem- 
brane by a narcotic-like action which recommends their use in the 


clinical relief of pain. 


Pain endings are found to be sensitive to a degree of acidity which 


is attained in ischemic tissues. Hence, the principle of acid stimula- 


tion is advanced to account for the pain arising in connection with 
arterial obstruction, whether skeletal or coronary. Moreover, such 
stimulation is possibly a factor in the production of pain in spastic 
organs and also in the cutaneous areas of reflex vasoconstriction 


which are associated with visceral disease. 


The pain accompanying surgical procedures results from gross in- 
jury both to pain endings and to pain fibers. The somatic system of 
receptors provides the defense against this violence of wounds. In 
contrast, the viscera are relatively insensitive to mechanical trauma. 
Visceral pain is due to changes in the internal environment. There- 
fore, in visceral areas the processes of stimulation may differ, and the 
experiments indicate that chemical stimuli play an important part. 
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CARCINOMA OF JEJUNUM 
REPORT OF A CASE 


Howarp M, Kern, M.D., BaLtrMore, Mb. 
(From the Department of Surgery, Sinai Hospital) 


E. B., male, aged fifty-four years, a steel worker, was referred to me and ad- 

. mitted to the Sinai Hospital August 5, 1935. There was nothing in the past 
history of any significance except a story of constipation for twelve years. The pa- 
tient ’s chief complaint was pain in the stomach. 

The present illness was of approximately one year’s duration, when the patient 
began to have periodic attacks of excruciating pain in the abdomen which usually 
started in the right lower quadrant and radiated to the left. In the beginning the 
attacks were rather infrequent and lasted but a few seconds; they were unaccom- 
panied by nausea or vomiting and were relieved by a bowel movement. Medical aid 
was sought and the patient was treated for indigestion and constipation by his 
physician. He was able to continue his work and ‘‘ felt pretty good when his bowels 
were not tied up.’’ Seven weeks prior to his hospital admission, the attacks of ab- 
dominal pain became more frequent, of greater intensity and longer duration. He 
consulted another physician who had x-ray studies of the gastrointestinal tract made. 
The radiologist reported as follows: ‘‘ Film shows immediately after administration 
of barium, the stomach, duodenum, and jejunum markedly dilated, but at the end 
of six hours the barium meal is in the terminal ileum. The large intestine is 
spastic.’’ (Fig. 1.) 

Tincture of belladonna, drops 10, after each meal was given with no relief of 
symptoms, There was a gradual loss of appetite and weight; stools became infre- 
quent in spite of catharsis and enemas. The patient became progressively worse. 
There was no bowel movement for sixteen days. Six days prior to admission to the 
hospital, vomiting began and recurred at frequent intervals. Blood was never seen 
in the vomitus or stool. 

Physical Exam.—The patient is a well-developed man who had evidently lost con- 
siderable weight. The skin was dry and the mucous membranes pale. An occasional 
rale is heard in the chest. 

On inspection the abdomen was full and active peristaltic patterns were visible 
in the left upper quadrant. On palpation there is right-sided muscle spasm and 
tenderness, particularly in the region of the gallbladder. The liver edge could be 
felt two fingers’ breadth below the costal margin in the midclavicular line and was 
sharp and nodular. No masses were felt elsewhere. On auscultation marked gurgling 
was heard everywhere. 

Rectal Exam.—Palpation and proctoscopic examination failed to reveal any ab- 
normality. 

Laboratory Exam.—Urine gross and microscopic negative. Stool positive for 
occult blood. Blood: hemoglobin, 70 per cent; R.B.C., 5,000,000 per cu.mm. (prob- 
ably due to concentration); leucocytes, 8,000 per cu. mm.; differential normal. 
Blood chemistry: urea N., 17.56; urea, 37.15; sugar, 0.077; Wassermann, negative. 
Phenolsulphonpthalein, 40 per cent in two hours. 

Course in the Hospital—It was our impression that the patient was suffering from 
a low incomplete intestinal obstruction, probably due to a malignant growth in the 
colon. The gastrointestinal x-rays taken six weeks previously were reviewed, but no 
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filling defect could be found. The day following admission to the hospital a barium 
enema was given, and the x-ray report was as follows: Spastic colon, no dilatation 
or filling defect. 

The following note was made by the interne: After the x-ray examination of the 
large intestine, the patient experienced severe cramps, had two bowel movements, and 
vomited three times. The vomitus was copious and bile stained. 


Fig. 1—X-ray taken shortly after the administration of barium, showing the marked 
dilatation of stomach, duodenum, and jejunum. 


The abdomen now appears to be divided into two parts by a line drawn through 
the umbilicus. The right side is spastic, the upper quadrant appears full. Every 
five or ten minutes simultaneously with cramp-like pains a mass appears in the right 
lower quadrant gradually increasing in size and disappearing in a like manner. 

Glucose and normal salt were administered intravenously. General effectual 
cleansing enemas were given to remove the barium, and an exploratory laparotomy 
was performed on August 6 about forty-eight hours after admission to the hospital. 
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Operation—The operation was begun under spinal anesthesia which unfortunately 
was incomplete and was supplemented by gas and ether. Through a midright rectus 
incision, the cecum, ascending and transverse colon, stomach, and liver were palpated 
and found to be normal. Just below the stomach a hard mass was palpated and 
delivered through the incision. It proved to be a growth completely encircling the 
jejunum, just about 17 cm. from the duodenal jejunal flexure. It was of stony hard- 
ness, about 3 em. long, and seemed to constrict the gut to a point of complete oc- 
clusion. The proximal jejunum was dilated to about twice its normal size, the wall 
greatly thickened and edematous, The stomach and duodenum were also dilated. 
The mesentery in the region of the growth was occupied by a large mass of stony 
hard glands which extended to the spine. On the serosa of the jejunum below the 
growth were numerous scattered pea-sized nodules which were taken to be metastatic 


growths. 
Resection seemed unjustifiable so a lateral anastomosis of jejunum to jejunum 
short cireuiting the growth was performed. Anastomosis and closure of abdomen 


performed in the usual manner. 
Postoperative Course-—The patient developed bronchopneumonia twenty-four hours 
later and died on the fifth day postoperative. 


PARTIAL AUTOPSY (SMALL INTESTINE ONLY ) 


External Appearance.—The body was that of a well-developed, well-nourished 
white male of fifty-four years of age; weight, about 150 pounds; height, 167 em. 
There was no rigor mortis, no edema, and some postmortem lividity of dependent 


parts. 

Face.—The face was full and well nourished. Pupils were equal. 

Skin.—There were a few needle sticks in antecubital fossae. The midrectus 
incision, 10.5 em. in length, was healing nicely. Skin edges were sutured with in- 
terrupted black silk sutures and two interrupted silver wire stay sutures. 

Abdominal Walls.—Incision was noted as above. Fascia and muscle were sutured 
with catgut. Below and in the lower part of the rectus there was a pocket of 
thick gelatinous serum which extends directly onto a few loops of smali bowel for 
the peritoneum was deficient just under the center of the incision. 

Abdominal Cavity.—A very small amount of slightly turbid fluid was present in 
the paracecal gutter. Just under the incision, a few loops of small bowel were 
enormously distended, so much so that definite striae appeared (lending a faint sug- 
gestion of taenia). This section of gut, when traced just across the midline to the 
left, ended in a complete U-shaped lateral anastomosis. The anastomosis was about 
17 em. past the end of the duodenum. The parietal peritoneum surface was smooth 
and glistening. There was no injection present. There were a few scattered white 
firm nodules present, situated on the peritoneum of the small bowel, particularly the 
jejunum and one on the sigmoid colon. The mesentery of the jejunum contained 
many large and small hard masses. The omentum was small and adherent laterally 
on both sides, but it was not adherent to or even in the neighborhood of the anas- 
tomosis. The liver was not enlarged and there were no visible metastases. The kid- 
neys and spleen were normal to palpation. The bladder was dilated. The para-aortic 


nodes were enlarged. 

Intestines.—Serosa of the small intestine contained scattered, white nodules (1 to 
2 mm, in diameter). The duodenum and first 17 cm. of the jejunum were quite 
dilated and brought on the appearance of taenia. At this point (17 em.) there was 
a lateral anastomosis which was formed by a doubling back of the jejunum on itself. 
At the U-shaped anastomosis there was a firm, hard, rounded mass 3 em. in diameter 
which occupied the entire lumen and was part of the wall itself on all sides. The 
tumor mass apparently encircled and narrowed the total diameter of the bowel above 
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and below this point. For about 8 cm. above and below the mass, the bowel was 
sutured together and slightly injected. There was excellent peritonealization. There 
was no exudative process and no leaking. The ostium measured 6 cm. across and 
water flowed very easily through it from the proximal out through the distal portion. 
When the bowel was opened along the lateral margins, the tumor stood out as a 
hard, firm encircling mass, 4% inch wide, which encircled and almost occluded the 
bowel, The intestinal surface was apparently eroded and the tumor extended through 
the muscularis to the peritoneal surface. It appeared limited to 144 inch. Above 
the obstruction, the bowel was dilated, measuring 10 em. in diameter, and the valvula 
conniventes stood out as ridges. No other ulcerative areas were noted. The small 
pea-like areas were not particularly suggestive of metastases when sectioned. 


Fig. 2.—Photomicrograph of a section through the tumor, showing round and 
cuboidal cancer cells. The cytoplasm is granular. The large oval nuclei with fre- 
quent mitotic figures and many hyperchromatic particles are pushed toward the 
periphery, 


Provisional Anatomical Diagnosis.— 

1. Bronchopneumonia—bilateral (history). 

2. Annular carcinoma of jejunum. 

3. Metastases to small and large bowel and to mesentery and para-aortic nodes. 
4. Postoperative, lateral anastomosis of jejunum. 


MICROSCOPIC NOTES 


Jejunum.—Section was distorted. Serosa was present only in a few places and 


there were no signs of metastatic cells. Circular and Jongitudinal muscle layers were 
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normal, as also were submucosa and erypts of lieberkuhn and lining epithelium. 


There were no metastases. 

Tumor.—A small portion of normal jejunal mucosa stood out, limited on one side 
by the cut of the section, fading out insensibly into a distinct carcinomatous invasion. 
The latter was most marked and ran wild in the submucosa and invaded and elim- 
inated the circular layer of muscle, while many malignant cells were found scattered 
through the longitudinal layer. The native of the tumor was most clear in the 
muscularis area. Here and there were numerous small glandular-like nests of cells. 
The cells were cuboidal and round in shape. The cytoplasm stained pale pink and 
was granular; and the large oval nucleus with frequent mitotic figures and many 
hyperchromatie particles were pushed toward the periphery. There were also large 
round cells filled for the most part with a large clear staining drop of fluid which 
forced the nucleus toward the outer edge of the cell and elongated its contour pro- 
ducing a typical signet cell (Fig. 2). The distribution of the tumor cells was ir- 
regular—now densely packed, now quite loose, and again in long strands of double 


thickness. 
Mesentery and Mesenteric Lymph Nodes.— 
1. Mesentery was free of metastases. 
2. Lymph nodes showed some activity of mononuclear cells in areas scattered 


through the node. 

Another mesenteric node showed profuse metastatic infiltration which consisted of 
many small islets of cells which looked quite glandular and which distorted the 
structure of the lymph node completely. The cells were the same as those described 
with the tumor except that colloid degeneration had not occurred. 

Pre-Aortic Lymph Node.—No pathology. 

Jejunum with Metastasis to Serosan—No deposits of malignant cells were made 


out. 


FINAL DIAGNOSIS 


1. Annular adenocarcinoma of jejunum with colloid degeneration and metastases 


to mesenteric lymph node. 

2. Postoperative lateral anastomosis to jejunum. 

3. Bronchopneumonia—type undetermined (history). 
Cause of Death—Incomplete postmortem examination. 


INCIDENCE 


According to most references, primary adenocarcinoma of the jejunum 
is extremely rare, and up to the present writing but 83 verified examples 
of this type of tumor have been operated upon. Undoubtedly, other 
cases have occurred but they have not been reported in the literature. 
In 1922 Johnson' reviewed a series of 41,883 autopsies from the 
Vienna General Hospital. In this series were 343 cases of intestinal 
carcinoma, but not 1 case of carcinoma of the jejunum. Rankin and 
Mayo? on the other hand reported an incidence of 0.062 per cent of 
all carcinoma of the intestinal tract in the small intestine and stated 
that they found the jejunum to be the most common site. Barron* 
stated that 8 per cent of all carcinomas appear in the gastro-intestinal 
tract; 4 per cent of this number occur in the small intestine; the most 
common site is in the duodenum next to the ileum and rarely in the 
jejunum. Newton and Buckley* gathered reports from European 
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clinics and departments of pathology of eight of the largest hospitals 
in this country and found only 23 verified cases among 135,000 neerop- 
sies. 

An analysis of the reported cases reveals that men are affected about 
twice as frequently as women and that the decade of greatest incidence 
is from thirty to forty years of age. 


SYMPTOMATOLOGY 


There is no characteristic symptomatology of carcinoma of the je- 
junum; and after a careful perusal of the literature we find that very 
few cases were diagnosed before operation, and in many eases the growth 
was found at autopsy. The disease is usually insidious and may be pres- 
ent for many months before the patient seeks medical relief when the 
subjective symptoms of chronic partial obstruction begin. 

My own ease is typical, with a history of indigestion, constipation, and 
attacks of sharp upper abdominal pain simulating gallbladder colic. 
Vomiting begins later in the disease and usually comes on shortly after 
the taking of food as the growth is usually high in the jejunum. The 
vomitus is copious, contains bile, and has no fecal odor. There has been 
no recorded instance of blood in the vomitus; however, occult blood is 
found in the feces when the growth becomes ulcerated. The stage or 
degree of obstruction determines the clinical picture of the disease. Per- 


foration into the general peritoneal cavity with localized or generalized 
peritonitis has been reported and also intussusception of the growth into 
jejunum. 

Several of the reported cases were originally diagnosed as pernicious 
anemia, the main symptoms being fatigability, gastric distress (due to 
absence of hydrochloric acid), and later progressive loss of weight. 


DIAGNOSIS 


In spite of all laboratory tests and x-ray examinations it is extremely 
difficult in most cases to make a correct preoperative diagnosis. On 
account of the rarity of occurrence, cancer of the small bowel is seldom 
considered in making a differential diagnosis of abdominal disease; how- 
ever, it should always be considered in the presence of upper abdominal 
eolie with vomiting. 

Gabor and Heller® emphasize the importance of x-ray studies in de- 
termining the presence, then the localization, of the growth and they 
state that any delay in the emptying time of the small intestine beyond 
eight hours must arouse suspicion as to the presence of a growth. They 
recommend that x-ray plates be taken at short intervals following the 
administration of the contrast medium, thereby enabling one to catch 
the point at which blockage is occurring. On account of the rapid 
emptying of the small intestine one does not usually get the character- 
istic filling defect caused by growths in the large gut. 
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Blood may or may not be found in the stools, depending upon whether 
or not the growth is ulcerated. Its presence otherwise unexplained is 


significant.® 
TREATMENT AND PROGNOSIS 


Obviously resection and anastomosis is the operation to be performed 
when the growth is removable, however, the great majority of cases come 
to exploration at a time when such a procedure is neither possible nor 
justifiable. Therefore, the operation is usually one aimed simply at 
relief of the obstruction. The malignancies of this part of the intestinal 
tract are of a very high degree, and in the Rankin-Mayo’ series of 55 
cases it was concluded that the ‘‘prognosis in earcinoma of the small 
bowel whether the growth is apparently satisfactory for resection or 
whether the operation is palliative,’’ is unsatisfactory. No patient in 
their series lived longer than three years, even when radical resection 
of the growth had been performed. 


SUMMARY 


A ease of primary carcinoma of jejunum with colloid degeneration is 
reported. 

The diagnosis is exceedingly difficult to make early in the disease. 
There is no characteristie symptomatology and the greatest help is ob- 


tained from x-ray studies. 

The prognosis is very poor on account of the high degree of malig- 
naney of tumors of the small intestine, even in those eases that can be 
resected. 
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MECKEL’S DIVERTICULUM 


A Review or Twenty Cases WitH Revort or Two Cases 


JOHN DEJ. PEMBERTON, M.D., AND LEONARD K. STALKER, M.D.,* 
ROCHESTER, MINN. 
(From the Division of Surgery of the Mayo Clinic and the Mayo Foundation) 


ECKEL’S diverticulum is a developmental anomaly of the intestinal 
tract which affects about 2 per cent of the population, with males 
predominating in a ratio of 2:1. The majority of persons who have the 
anomaly undoubtedly go through life without symptoms from it. There 
occurs, however, in approximately one-fourth of all cases of Meckel’s 
diverticulum, some pathologic change, such as an inflammatory process, 
a mechanical disturbance, development of heterotopic tissue, or develop- 
ment of a tumor. 

A review of 20 consecutive cases of Meckel’s diverticulum encoun- 
tered at operation by one of us indicates that, in general, such cases 
can be classified in three groups; namely, those which present the fol- 
lowing: (1) no symptoms, (2) symptoms of intestinal obstruction, and 
(3) symptoms of intestinal bleeding. Eight of the 20 patients had 
symptoms owing to the presence of the diverticulum and were relieved 
following operation. The diverticulum in the remaining 12 instances 
was found at the time laparotomy was performed for another condition. 
It seemed advisable, in 6 of these 12 cases, to remove the diverticulum 
as a prophylactic measure. Removal of the diverticulum was con- 
sidered unnecessary in the other 6 cases. There was no mortality in the 
14 instances in which the diverticulum was removed. Of the 8 patients 
who had symptoms, 4 had some degree of intestinal obstruction and 4 
had experienced intestinal bleeding previously. The diagnosis was made 
before operation in only 2 cases. Two patients recently were operated 
on, one of whom presented symptoms of obstruction and the other of 
hemorrhage; these cases seem to be worth reporting. 


REPORT OF CASES 


Case 1.—An obese man, aged forty-eight years, came to the Mayo Clinie for the 
first time in 1924 because of dyspepsia of a type usually associated with the presence 
of a peptic ulcer, The dyspepsia had been present for six years. In addition he had 
experienced for the two weeks prior to admission a bloating, gnawing sensation 
throughout the middle of the abdomen. This sensation was concentrated mostly in 
the region of the umbilicus. It was relieved by taking soda and food. Results of 
analysis of the gastric content and of two roentgenographic examinations of the 
stomach and duodenum were considered normal, <A diagnosis of duodenal uleer was 
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made and the patient was dismissed to follow a reduction type of diet. A few mild 
symptoms occurred intermittently during the next two years and then the man ex- 
perienced complete relief for ten years. 

The patient returned to the clinic in August, 1936, complaining that for three 
months there had been slowing of his usual bowel habit, which had been associated 
during the last month with considerable gaseous dyspepsia and with lower abdominal 
cramps. These cramps were confined mostly to the lower left quadrant of the ab- 
domen and ovcurred at any time of day or night, frequently awakening him. They 
were most marked after eating and, as a result, he took liquids chiefly. No relief 
was obtained by taking alkalies, but some relief could be obtained from use of 
enemas or by strong purgation. One week before his return to the clinic he had 
been given barium for a roentgenologic examination. The cramps became more 
severe; there was much nausea, vomiting and some increase of temperature and of 
pulse rate, but no bowel movements or passage of flatus occurred. This obstruction 
was relieved spontaneously in twenty-four hours and two days later he came to us 
for examination. 

At this time, although it was thought that he must have had an intestinal ob- 
struction, we could not demonstrate its site. Proctoscopic examination, repeated 
examinations of the feces, blood, and urine, and roentgenoscopic examination of the 
chest, of the abdomen, and of the portion of colon distal to the cecum were re- 
ported as having given negative results. 

The patient was advised to have an abdominal exploration performed, but after 
several days of conservative treatment the symptoms subsided completely and he left 
the hospital. One week later he returned complaining of the same symptoms, but to 
a lesser degree than previously. Roentgenographic examination of the stomach and 
of the small bowel was made and gave evidence of the presence of a duodenal ulcer, 
marked deformity of the duodenum, and a carcinoma involving the ileum apparently 
within 30 inches (76 em.) of the ileocecal valve. Considerable intestinal obstruction 
was present. 

After preparation had been made, an abdominal exploration was performed 
through a right rectus incision. This revealed an obstructing lesion of the ileum 
about 3 to 4 feet (91 to 121 em.) from the ileocecal valve, huge dilatation of the 
bowel proximal to it, and collapse of the bowel distal to it. One could not be certain 
of the character of the obstruction, but it seemed to be a narrow, napkin-ring tumor 
which involved the ileum with much inflammatory reaction surrounding it. Primary 
resection could not be done because of the marked obstruction. Consequently ileo- 
ileostomy was performed, making a lateral anastomosis between two loops of bowel, 
one loop 1 foot (30 cm.) proximal to, and the other 1 foot distal to, the tumor. The 
upper part of the abdomen was explored and no evidence of disease was found except 
a somewhat distended gallbladder. 

The patient had an uneventful convalescence and was dismissed from the hospital 
on the thirteenth postoperative day. Following this operation, his symptoms ceased 
and he gained weight. 

In November, 1936, twenty-five days later, reéxploration was performed through a 
right rectus incision which was made to the outer side of the previous incision. The 
inflammatory process had markedly subsided. The huge dilated portion of bowel 
previously observed was still somewhat dilated. Attached at right angles to this loop 
was a Meckel’s diverticulum, which was 144 inch (approximately 3.5 em.) in di- 
ameter at its base and about 3 inches (approximately 7.5 em.) long. The fundus 
was adherent posteriorly to the mesentery of the bowel and also to the loop of bowel. 
The diverticulum was freed and was removed and the stump was inverted by use of 
three rows of chromic catgut and one row of silk. 
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The pathologist reported the presence of a Meckel’s diverticulum with linear and 
circular ulcers; the largest was 8 mm. in diameter and the smallest was 6 mm, in 
diameter. Marked regional diverticulitis was present. 

The patient made an uneventful recovery and was dismissed from the hospital 
on the eleventh postoperative day. Since that time he has been entirely free from 
symptoms. 

CASE 2.—A man, aged nineteen years, came to the clinic October 14, 1937, because 
of anemia, the cause of which, up to that time, had not been determined. Seven 
years previously he had become weak and very anemic; this had necessitated rest in 
bed for six weeks. One year later he again had become anemic. Since that time he 
said he had received antianemic therapy, such as liver extract and iron, constantly. 
Three years before he came to the clinic he had expelled several tarry stools and 
again had become so anemic that he had required prolonged rest in bed. Thereafter 
the presence of occult blood in his stools had been constant while following a meat- 
free diet. Severe melena had occurred again in June, 1936, and at that time the 
diagnosis of a bleeding duodenal ulcer was made. <A rigid diet, powders, and 
parenteral injections of a preparation of histidine had been prescribed. No benefit 
was obtained from the treatment and, because of the presence of a palpable spleen, 
anemia, and recurrent hemorrhages, a diagnosis of splenic anemia, probably with 
esophageal varices, was made by another physician. The possibility of performing 
splenectomy was suggested to the patient and, because of this suggestion, he came to 
the clinic. 

The man appeared anemic. The spleen was somewhat enlarged and was easily 
palpated. Roentgenoscopic examination of the esophagus, stomach, small intestine, 
and colon gave negative findings. Repeated examinations of the stool for the pres- 
ence of occult blood gave positive findings and the gastric contents appeared normal. 
On test of hepatic function bromsulphalein was not retained. The concentration of 
serum bilirubin was 1 mg. per 100 ¢.c. of blood and the van den Bergh reaction was 
indirect. The value for hemoglobin was 7 gm. per 100 ¢.c. of blood, or 46 per cent of 
normal. Erythrocytes numbered 4,330,000 and leucoeytes 5,300 per cubie millimeter 
of blood; 2.5 per cent of the erythrocytes were reticulated. Examination of the 
blood smear gave evidence of hypochromic anemia of marked degree and the num- 
ber of platelets was increased. 

A probable diagnosis of bleeding ulcer in a Meckel’s diverticulum was made by 
the process of exclusion and exploration was advised. The exploration revealed a 
large and distended Meckel’s diverticulum about 3 feet (91 em.) from the ileocecal 
valve, At the base of the diverticulum and involving the wall of the ileum was a 
linear ulcer about 3 em. in diameter. Considerable scarring, redness, and some edema 
were present. It was necessary to resect the small bowel in order to remove the 
ulcer. This was done by using a three-bladed clamp and by performing end-to-end 
anastomosis. Ileo-ileostomy was performed about 8 inches (20 em.) from the 
anastomosis to relieve possible tension on the suture line. The appendix was not 
diseased and was not removed. The spleen was three times the normal size but was 
normal in consistency. The pathologist reported that examination of the resected 
bowel disclosed a Meckel’s diverticulum 2.5 em. in depth with an opening 2 em. in di- 
ameter. A chronic ulcer measuring 3 cm. by 8 mm. by 2 mm. was present at the base 
ot the diverticulum; also some peridiverticulitis was present. 

The patient had an uneventful convalescence except for development of left 
femoral thrombophlebitis which became apparent on the ninth postoperative day. 
At the time of his dismissal from the hospital, on the twenty-seventh postoperative 
day, the spleen was not palpable; examinations of stool for occult blood gave negative 
results; the concentration of hemoglobin was 13.6 gm. per 100 ¢.e. of blood, or 90 
per cent of rormal; and the erythrocytes numbered 4,400,000 per cubic millimeter of 
blood. 
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The difficulty of making a diagnosis of Meckel’s diverticulum and 
two of the common methods by which these diverticula manifest them- 
selves are illustrated by the cases reported. The symptoms presented 
in both eases were originally interpreted as those of peptic ulcer. It is 
not unusual for a patient who has a diseased Meckel’s diverticulum to 
receive treatment for other conditions; such as, appendicitis, cholecysti- 
tis, peptie uleer, splenic anemia, pancreatitis, adhesions, colitis, or en- 
teritis. Four of the eight patients who presented symptoms owing to the 
presence of the diverticulum had been operated on previously and the 
true cause of the symptoms was not recognized. One patient who had 
midabdominal cramps and intestinal bleeding had been subjected to 
laparotomy three times before the diverticulum was removed. — Ap- 
pendectomy had been performed at the time of the first operation and 
the second operation had consisted of an exploration on account of 
formation of adhesions. Of the other cases, appendectomy had been per- 
formed in one, cholecystectomy in another, and splenectomy and appen- 
dectomy in a third. The symptoms had not been relieved in any of these 
instances until the Meckel’s diverticulum was removed. 

It is then apparent that a positive diagnosis of diseased Meckel’s 
diverticulum can be made with exceeding difficulty. On the other hand, 
such a condition frequently can be suspected and can be suggested as 
a probable diagnosis on the basis of exclusion of other possibilities. 
Diagnosis of intestinal obstruction, either complete or partial, usually 
is not difficult to make. In those cases in which the cause of obstruction 
is not apparent, the possibility of the presence of a diseased Meckel’s 
diverticulum should be considered. The presence of unexplained sec- 
ondary anemia, either with the history of intestinal bleeding or with 
that of melena and the presence of negative findings on roentgenographie 
examination of the esophagus, stomach, and colon, should make one 
suspect that an ulcer exists in or near a Meckel’s diverticulum. Ocea- 
sionally roentgenographie examination of the small bowel will demon- 
strate the presence of the diverticulum; this occurred in two of our 
cases. In a review of the roentgenograms of the small bowel in the first 
case, confirmation of the finding of a Meckel’s diverticulum at the time 
of operation could be made at the present time. Diseased Meckel’s di- 
verticula occur in the majority of cases among males aged twenty years 
or younger, but cases have been found at all ages and they occur fre- 
quently among females. 

The previous diagnosis of splenic anemia and the presence of sple- 
nomegaly in the second case and the performance of splenectomy in one 
of our other cases are worthy of comment. It is true that splenic anemia 
must be considered in the differential diagnosis if marked, unexplained 
anemia and splenomegaly exist. However, absence of the blood picture 
typical of splenic anemia, a normal finding by means of the liver fune- 
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tion test, and absence of bleeding esophageal varices to account for the 
blood in the stool help to exclude this diagnosis. Splenomegaly is not, 
as a rule, associated with true secondary anemia, but experimentally 
it has been shown that chronic loss of blood from the gastrointestinal 
tract will produce splenomegaly. It is probable that the splenomegaly 
present in our cases was due to the chronie loss of blood. This concep- 
tion is somewhat confirmed by the fact that the spleen decreased in size 
and was not palpable following operation. 

We believe that the possibility of the presence of a diseased Meckel’s 
diverticulum must be considered in differential diagnosis in all instances 
in which pathologie change is sufficient to explain any vague abdominal 
symptoms, or in which the cause of intestinal bleeding is not apparent 
at the time that laparotomy is performed; and, in these instances, the 
first 5 feet (152 em.) of ileum should be explored for the presence of a 
diverticulum. <A routine examination for the presence of a Meckel’s 
diverticulum should be made in the majority of uncomplicated cases 
in which abdominal operation is performed; especially is this so in cases 
representing the younger age group and in the case in which simple 
appendectomy is performed. If a Meckel’s diverticulum is found, it need 
not be removed as a routine procedure. The diverticulum should be 
removed as a prophylactic measure in those cases in which it has a 
narrow base, is long, adherent, gives any evidence of inflammation, or 
if it appears that possibly it might be a factor in an intestinal obstrue- 
tion. A short diverticulum with a broad base which ean be considered 
almost as an outpouching of the bowel usually can be left in place with 
safety, but a record of its presence should be made. 


SUMMARY 


Cases of Meckel’s diverticulum can be classified in three groups; 
namely, (1) cases in which no symptoms or signs are present; (2) eases 
in which there are symptoms or signs of intestinal obstruction and (3) 
cases in which symptoms and signs of intestinal bleeding are present. 
Diagnosis and treatment in any case depend on the group to which the 
ease belongs. 
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THE IMPORTANCE OF HEMATEMESIS ACCOMPANIED BY 
PYLORIC OBSTRUCTION 


ANTHONY Basser, M.D., New York, N. Y. 


RIVIAL bleeding, usually from an ulcer, is a common condition 

and may be considered as part of a repair process. More distinct 
interrupted hemorrhage may exist, and it is also nonfatal. Predicated 
upon these and favorable results from the medical handling of more 
pronounced bleeding, the belief exists that hemorrhages from peptic 
ulcers are rarely fatal. 

Tage Christiansen! in 289 cases of massive hemorrhage due to peptic 
ulcer had a 7.9 per cent mortality, with a higher percentage for 
women than for men. He drew attention to the fact that in late years, 
even with transfusions and better methods of handling, the mortality 
was doubled. De la Viesca? in 130 cases stated that hematemesis was 
due to gastroduodenal uleer in 73.5 per cent; to carcinoma, in 13.6 
per cent; and to gastritis, in 10.2 per cent. Repeated hemorrhages in 
ulcers occurred in 8.4 per cent, and 27.2 per cent of these patients 
died. To illustrate the opposite in reported statistics: Meulengracht* 
states his mortality to be but 1 per cent, a result, in my opinion, not 
possible in statistics made up on massive hemorrhage cases. In an 
attempt to separate the cases into the surgical and medical, Hinton‘ 
divided the cases into five groups and Westermann” stated that 10 
out of 50 patients with gastroduodenal ulcer complicated by hemor- 
rhage died in hospitals under rigid medical treatment. Goldman® 
stated that in 349 cases which entered the hospital because of gross 
hemorrhage or which developed this complication during the period 
of hospitalization 39, or 11.1 per cent, died of exsanguination; while 
an additional 17, or 4.9 per cent, died of conditions associated with 
bleeding, such as perforation, pneumonia, and cerebral or cardiac 
thrombosis, the total mortality being 15 per cent. 

As seen in private, or office, practice, the case of peptic uleer in 
which bleeding exists shows this as occult blood in the stool or rare 
tarry stools. A massive hemorrhage in the past history of the patient 
may be stated. In hospital practice, especially where an active am- 
bulance service exists, not a few of the hematemesis cases are of the 
much more dramatic type, consisting of the vomiting of bright red or 
dark blood or the presence of marked tarry stools and a secondary 
anemia sufficient to produce weakness, pallor, dyspnea, and rapid thin 
pulse. Occasionally such a case may be seen in private homes. In the 
records of hospitals of our largest cities, especially those which have 
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open ambulance services, the instances of death due to exsanguination 
from peptic ulcer run variously between 10 and 27 per cent, and, if 
conditions associated with the bleeding are considered, such as per- 
foration, pneumonia, and cerebral and cardiac thrombosis, the per- 
centage is nearer to the high figure than the low. Hospital records 
show that the rate of this mortality is varied according to age; in 
the young up to twenty-five years of age it is about 3 per cent, rising 
in almost a straight line to 42 per cent in those seventy years and 
over. Very probably this is due to more major pathology in older 
individuals and according to the condition of the local arteries 
(sclerosis), the amount of granulation and sear tissue in the ulcer, 
lesions in the posterior wall of the first and second part of the 
duodenum and near the lesser curvature of the stomach being con- 
spicuous. But these figures of deaths brought about by hemorrhage 
are not conclusive so far as ulcer is concerned, because gastric ear- 
cinoma, hepatic cirrhosis, ruptured varicosities, splenic conditions, 
and gastrointestinal hemorrhage due to uremic states obscure them. 

Sudden death in massive hemecrrhage from the stomach or duodenum 
is rare, the vast majority of patients with this complication living up 
to two weeks. Nothing is more doubtful and often less satisfactory 
than continuing medical treatment day after day in the presence of 
continued hemorrhage, falling erythrocyte count, and lowering hemo- 
globin, especially when blood transfusions are not beneficial. To help 
in the better understanding and the redemption of some of these pa- 
tients, I desire to draw attention to a small group of the whole in 
which, in my opinion, prompt surgery should be the therapy of choice. 
This article presents the significance of the combination of massive 
hemorrhage and pyloric obstruction from whatever cause as having 
a higher mortality than any other. In the control of massive hemor- 
rhage from the stomach or duodenum stomach tonus is the main essen- 
tial to control the bleeding. In pylorie obstruction the stomach is 
dilated and the tonus deficient. Inability of the organ to empty in 
normal time, with consequent accumulation of foods and fluids, causes 
not only a myasthenia of the muscle fibers but actually a thinning and 
stretching of them. This involves the circular and longitudinal fibers 
and eventually the organ becomes globular in shape, increases in size, 
and becomes deficient in ability of peristalses to empty it and practi- 
cally an atonic viscus. In the observation of some of these cases there 
is the suggestion that associated with massive hemorrhage there is a 
shoeked condition which expresses itself in further gastric atony. 

Eight years ago there was an office case of pyloric obstruction due 
to ulcer, which, three days after being seen for the first time, had a 
gross hemorrhage and continued to vomit blood for two days. The 
patient lived out of New York City, was hospitalized in his home 
town, and because of the pyloric obstruction had an immediate gastro- 
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enterostomy done, upon which the hemorrhage ceased immediately 
and he made a prompt recovery. Since that time there have been 14 
additional cases of the combination of massive hemorrhage and pylorie 
obstruction and the contrast of this group, all of which at the time had 
a gastroenterostomy without other surgery, with former cases makes 
them seem worthy of reporting. In these 15 cases ulcer had been pre- 
viously diagnosed in 5 and carcinoma in 2, and in but 2 cases was 
pylorie obstruction known to be present. In 8 there had been no pre- 
vious diagnosis made. In 6 of these there was a history of a gastric 
type of indigestion of a continued type. Eleven of them had been 
brought to the hospital by ambulance, 4 being seen in consultation 
practice and immediately hospitalized. Each case was an instance of 
continued bleeding after the initial vomiting of blood, due, I believe, 
to the presence of a pyloric obstruction of sufficient degree to render 
the stomach unable to contract, and where, because of the inability 
of the stomach to contract, gastric distention continued to keep the bleed- 
ing vessels open. It is interesting to note that in 3 of the ulcer cases the 
uleer was in the duodenum, and it is difficult to understand how blood 
could pass a pyloric obstruction from the duodenal side into the stomach. 
One would assume that in an eroded vessel in the duodenum continued 
open from an inflammatory process with adhesions to the periduodenal 
structures, especially the large artery which contacts the pancreas 
and which artery is generally sclerosed and imbedded in inflammatory 
and sear tissue, there would be melena and not hematemesis. In 
duodenal ulcer without pyloric obstruction melena is the rule, but it 
seems to be a clinical fact that a duodenal ulcer, even with pyloric 
obstruction, may bleed actively into the stomach. How or why I do 
not know. Of these 15 cases, 4 recovered from the hemorrhage; 1 died 
of pneumonia two weeks after the operation; 1, of cardiae thrombosis 
on the fifth day; and 1, of exsanguination. The matter of subsequent 
operations is not included, this article simply presenting the sugges- 
tion of prompt gastroenterostomy in marked, continued hemorrhage 
into the stomach when pyloric obstruction is present. These drainage 
operations seem to accomplish something in the way of establishing 
tonus which the use of gastric tube drainage does not. In 1 of the 15 
bleeding cases bleeding continued after the operation; in this, pyloric 
adenocarcinoma existed. In 3 more it took up to sixty hours to stop 
bleeding completely; in 9 it ceased in the first twenty-four hours. 
Deaths in massive and continued hemorrhage from all causes may be 
considered as 15 per cent and deaths from exsanguinating hemorrhage 
in ulcer about 12 per cent. In this 12 per cent records suggest that in 
about 3 out of 12 cases pyloric obstruction or marked relaxed condition 
of the stomach from ulcer exists. To these 3 cases out of 12, about 2 
more are due to carcinoma causing dynamic obstruction or delay of 
transit through the pyloric region. The continuation then of pyloric 
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obstruction seemingly becomes an important factor in the control of 
deaths from massive and continued hemorrhage. 


TABLE I 


LENGTH OF TIME STOPPING OF 
AFTER FIRST HEMORRHAGE CAUSE 
CASE VOMITING AND AFTER GASTRO- 
OPERATION ENTEROSTOMY 
(110URS) (HouRS) * 


14 5 
37 9 
26 414 
41 5 
60 60 
43 7 
5 
64 0 
52 50 
49 54 
38 5 
29 6 
34 12 
22 6 
19 10 
*This was judged by passing a tube into the stomach, which after operation was 
not done within an hour or two, frequently, or the tube was kept in continuously. 
Therefore, the figures are only approximate. 


RECOVERY 
FROM 
ULCER CARCINOMA CONTINUED 
HEMORRHAGE 


It must be evident that in the majority of these cases the diagnosis 
of pyloric obstruction would not be easy. As a rule the patient is in 
considerable mental distress, the friends agitated, or the patient so 
weak and dyspneic that detailed questioning is not satisfactory. 
When one can obtain information or when there has been an x-ray 
diagnosis of pyloric obstruction or the presence of an ulcer or palpable 
mass, it is suggestive of pyloric obstruction. As a rule such informa- 
tion is not on hand, and, because of the nature of the case, x-ray 
examination is not practicable. If in the past history one can suspect 
the presence of ulcer of long standing and if vomiting has been pres- 
ent, or if there had been attacks of tarry stools, suspicion may be 
aroused. As a rule, though, the case looks like the more common in- 
stance of gross gastric hemorrhage or melena as seen in gastric or 
duodenal ulcers without pyloric obstruction, cirrhosis of the liver, 
splenic conditions, ete., the type of case that usually is best handled 
by medical means. My experience has been that by the employment 
of a small gastric tube the best evidence of the continuation of hemor- 
rhage is obtained. In the average case of frank gastric hemorrhage 
considerable clotted blood is found in the stomach and the hemor- 
rhage tends to cease or manifests itself in diminishing ways. In py- 
loric obstruction, especially after emptying the stomach, the blood 
does not clot or the clots are very small and the bleeding continues 
steadily without much, if any, let-up until the end. Not too much 
dependence should be placed on this alone as far as suggesting pyloric 
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obstruction is concerned, because the fatal hemorrhage case without 
pyloric obstruction would continue in the same way. Thus, this ob- 
servation in a diagnostic sense must be taken only as additional or 
suggestive information and not as total proof of pyloric obstruction. 
In my experience there are three methods of observing steadiness of 
bleeding: First, the tube is to be kept continually in the stomach and 
drainage instituted outside during the time of the bleeding, as has 
been suggested. Second, hemoglobin estimations should be made with 
or without erythrocyte counts every few hours, a procedure which is 
troublesome and not entirely to be depended upon because both may 
not show a progressive drop even though the hemorrhage continues. 
Third. allow vomiting spells to occur to suggest continued bleeding. 
In this the second vomiting and subsequent spells may not oecur for 
a number of hours and the case may be carried on to the third or sixth 
day when the patient is a bad risk for surgery, even after blood trans- 
fusions. All that is necessary in the tube method is for a nurse to 
wateh the steadiness of the bleeding. One can then tell during the 
first, second, or third day whether the bleeding is steady, usually in 
plenty of time for surgery, which, in the opinion of many surgeons, 
should be performed in every continued bleeding case irrespective of 
cause. The tube should be left in for a day or two, because, in some 
instances, the hemorrhage seemingly ceases for a few hours and then 
starts again. This bleeding, down to short-time stopping periods, 
probably is largely occasioned by blood depletion and is seen more 
frequently several days after the initial hemorrhage. 

In the 11 ambulance cases noted, 8 were in the thin, undernourished 
type of individual so characteristic of gastroduodenal ulcer, especially 
when pyloric obstruction exists. Three were well nourished; 2 of 
these eventually were proved to have an extensive gastric carcinoma, 
the diagnosis being made at the time of the gastroenterostomy in 2, 
and several months afterwards in the third. Yet in each one of the 
entire group. visible peristalsis was present. As a rule this was not 
so marked as one commonly sees in pyloric obstruction, and it was 
necessary to watch very closely to observe it. The waves do not cross 
in a successive way from the left costal arch across the epigastrium 
to the pyloric region, the bulge advancing into a depression distal to 
it. Instead, there is a slight peristaltic roll, mostly perceptible at the 
costal margin and disappearing and not advancing perceptibly to the 
center of the abdomen. In 4 eases a slight bulging, rather indefinite, 
seemed to occur at the center and then disappeared. All-of the cases 
had a distinct pyloric obstruction. It seemed probable that the 
presence of hemorrhage modifies the vigor and course of the waves. 
The observation of a bulging due to gastrie dilatation was observed 
in 7 and was not present in 8 of the whole series. Obviously, as time 
went on, the general symptoms of continued hemorrhage were present. 
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CONCLUSIONS 


Gross and continued hemorrhage from peptic ulcer or from any 
pathology in which pyloric obstruction is present is a condition of 
alarm which calls for surgery and not medical treatment. In this it 
is desirable that operation be performed early rather than late, prefer- 
ably during the first seventy-two hours after the initial vomiting of 
blood. With whatever surgery is done, a gastroenterostomy seems 
necessary to permit the stomach walls to collapse and establish tonus, 
seemingly an essential for the control of hemorrhage in these cases. 
Watching the course of the bleeding by means of a tube in the stom- 
ach is the best and a safe method to diagnose continued bleeding. 
Visible peristalsis of a modified type seems to be present in all the 
cases. Allowing such cases, especially those in late middle age and 
older, to continue on medical handling has a higher rate of mortality 
than those operated upon promptly. 
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PSOAS ABSCESS OF THE APPENDIX 


Horace M.D., San Francisco, Cauir., AND 
JEAN STEVENSON, M.D., CrncINNatI, OHIO 


(From the Department of Surgery of the College of Medicine of the University of 
Cincinnati and the Cincinnati General Hospital) 


HE common sites of both intra- and extraperitoneal abscesses that 

may originate from the perforated appendix are well known. Less 
frequently abscesses of appendiceal origin extending as far up as the 
thorax and as low as the thigh have been described. This case is an 
example of the latter type. 


CasE Report.—CGH, 65601, a white male, aged sixty-seven years, entered the 
hospital on Dec. 11, 1936. He gave the history of a severe aching pain in the 
region of the right hip of about two weeks’ duration. No abdominal pain, nausea, 
vomiting, or other symptoms of gastrointestinal disease could be obtained. A swell- 
ing with tenderness and a dusky redness had appeared over the region of the right 
upper thigh and hip about ten days before his entry into the hospital, and this con- 
fined him to his bed. Three days later he had a severe chill, Examination revealed 
a pale, thin old man. The abdomen was scaphoid and there was very slight tender- 
ness in the right lower quadrant. No spasm or rebound tenderness was present. No 
abdominal masses could be palpated. The skin over the region of the right greater 
trochanter and extending over the anterior aspect of the upper thigh to the groin 
was red, tender, tympanitic, and greatly distended by a large fluctuant, gas-contain- 
ing abscess beneath its surface. The largest diameter of this abscess was about 
eight inches. In one small spot the skin was necrotic and this permitted the 
seepage of a small amount of foul B. coli pus and bubbles of gas from the cavity 
of the abscess. The right inguinal glands were enlarged and quite tender. There 
was a soft pitting edema of the entire right lower extremity, but no edema was 
present on the left. Rectal examination was not remarkable. The heart and lungs 
were thought to be within normal limits for a man of his age. The peripheral ves- 
sels showed some evidence of arteriosclerosis. Blood pressure, 120/70. A few 
carious snags were all that remained of his teeth. His temperature varied from 98° 
to 100.6° F. White blood count, 12,250 per c.mm. A diagnosis of abscess of the 
thigh probably of appendiceal origin was made. On Dec. 12, 1936, he was taken to 
the operating room where the abscess was incised and evacuated of several ounces of 
thick foul B. coli pus and some gas. By palpation within the abscess cavity, it was 
found to extend toward the abdomen beneath Poupart’s ligament, along the course 
of the iliopsoas tendon and lateral to the femoral vessels. Three cigarette drains 
were placed in this cavity beneath Poupart’s ligament. His course was septic with 
temperature readings as high as 102° F. until Dec. 25, 1936, when he became afebrile 
and remained so. Blood culture taken Dec. 21, 1936, grew no organisms. The 
wound was treated at first with irrigations of physiologic salt solution and later with 
Dakin’s solution. The edema of the leg subsided. The course of his illness was 
complicated by a senile psychosis that has improved but has not entirely cleared 
as yet. Barium enema performed on Jan. 14, 1937, revealed no evidence of organic 
disease. Roentgen ray examination of the spine revealed no destructive lesion, On 
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Jan. 16, 1937, skin grafting of the granulating area was attempted but the patient 
destroyed the work. Since then the wound has closed slowly by granulation. On 
Feb. 11, 1937, a laparotomy was undertaken with general anesthesia through a small 
lower right rectus incision with the idea of removing the appendix in interval. The 
appendix was found in the retrocecal position and measured about three inches in 
length. The tip was surrounded by numerous adhesions which were bound to the 
posterior parietal peritoneum overlying the psoas muscle just lateral to the iliac ves- 


sels. In the course of separation of these adhesions a small abscess containing about 
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Fig. 1.—An illustrative sagittal section showing the retroperitoneal tip of the ap- 
pendix and the resultant psoas abscess dissecting beneath Poupart’s ligament to present 


in the thigh. 


5 ee. of thick white purulent material (culture later grew B. coli) was encountered. 
It was apparent that the appendix had ruptured at its tip into the psoas sheath. 
When the appendix had been dissected away, an irregular granular defect about 
2 em. in diameter was left on the surface of the psoas muscle. Appendectomy was 
performed. The abdominal wound was closed in layers with catgut without drain- 
age. Postoperative convalescence was uneventful. Pathologic examination of the 
appendix revealed evidence of recent inflammation with healing by scar formation. 
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The presence of numerous foreign body giant cells suggested the possibility of tuber- 
culosis, but a careful study of slides prepared by special staining methods failed to 
substantiate this. 


In 1642 Saracenus* in a letter to a friend, a medical associate, told 
of the ease of a fifty-year-old woman in whose right groin an abscess 
formed and ruptured spontaneously. The wound discharged at first 
foul pus and finally fecal material, half-digested food, and lumbricoid 
worms. The fistula finally healed and she recovered. 


Fig. 2.—An illustration of the operative findings two months after draining the 
abscess of the thigh. A small chronic abscess filled with inspissated pus was found 
on the psoas muscle and surrounding the retroperitoneal tip of the appendix. 


Copeland’ in 1813 described a fecal abscess that developed in the right 
groin. It was opened with poultices and some weeks later an oval 
caleulus was extracted from the fecal fistula which then healed. 


In 1865 Buck® opened a ‘‘peri-typhlitic’’ abscess pointing in the 
right groin below Poupart’s ligament. From this opening a pin was 
subsequently discharged. 

Kelly‘ in his volume The Vermiform Appendix and Its Diseases pub- 
lished in 1905 describes psoas abscesses originating from appendicitis in 
his discussion of retroperitoneal abscess. He tells also of one remark- 
able case of G. W. Crile in which ‘‘the abscess extended from the 
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right iliac fossa down the inner aspect of the thigh to the popliteal 
space, where there was a large collection of pus.’’ 

John B. Deaver* in the 1914 edition of his Appendicitis: Its Diag- 
nosis and Treatment, states regarding retroperitoneal appendiceal 
abscesses: ‘‘Such retroperitoneal abscesses sometimes give rise to the 
most extensive phlegmonous infiltration. Following the course of the 
iliac vessels they may present themselves beneath Poupart’s liga- 
mente: ....”’ 

Recent references to cases of abscess of this type are difficult to find. 
Leon Cohen-Solal,? 1936, in a paper on ‘‘Acute Primary Suppurations 
Developing in the Sheath of the Iliopsoas’’ remarks that ‘‘the infection 
is usually on the right side, possibly because appendicitis is frequently 
the original focus.”’ 


DISCUSSION 


Deaver® gives four possible causes for the formation of retroperitoneal 
appendiceal abscesses : 

1. Penetration or perforation of a completely retroperitoneal appendix. 

2. Perforation into the mesoappendix or by extension of septic proc- 
esses through the blood vessels or lymphatics of the mesoappendix. 

3. ‘‘Such retroperitoneal suppuration may also occur in some eases in 
which rather firm adhesions bind the appendix to the posterior layer of 
the peritoneum. In these cases this posterior layer of the peritoneum 
may have become so altered by inflammation that in the event of perfora- 
tion, it offers but little resistance to the advances of virulent bacteria 
and their toxins. Being less resistant than the firm adhesions, it gives 
way first, and there thus occurs a perforation of the appendix, directly 
through its peritoneal coat, some adhesions and the posterior layer of 
the peritoneum into the retroperitoneal connective tissues. A retro- 
peritoneal abscess results, without any associated intraperitoneal sup- 
puration.’’ 

4, ‘‘Retroperitoneal abscesses may occur secondarily by perforation 
through the posterior layer of the peritoneum of an abscess that 
originated intraperitoneally.’’ 

In the case reported in this paper, the finding of the tip of the ap- 
pendix adherent to the psoas would seem to indicate that the acutely 
inflamed appendix had perforated into the psoas sheath in some way 
similar to the third mechanism described by Deaver. The presence of 
the small abscess might, however, indicate the fourth mechanism as most 
likely in this case. In either event the septic material would have passed 
down the psoas sheath, beside the iliae vessels, beneath Poupart’s liga- 
ment to present, as it finally did, a large abscess of the thigh. 

The difficulty of diagnosing such a case without a suitable history 
for appendicitis is obvious. The causes of retroperitoneal sepsis are 
many (1 and 2 above) and the appearance of psoas abscesses from 
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sources other than the appendix is undoubtedly most common. The 
other possible sources of psoas suppurations should therefore be care- 
fully ruled out by history, examination, laboratory, and roentgen ray 
studies before the appendix is to be suspected. The pus from the abscess 
must be of the foul type often seen in appendiceal abscess. Gas may 
be easily demonstrable in the abscess. When these conditions have been 
observed, the removal of the interval appendix may verify the diagnosis 
as it did in our ease. 


SUMMARY 


A case report is given in which a psoas abscess presented on the right 
thigh and contained gas and foul B. coli pus like that so often found in 
appendiceal abscess. After ruling out other possible sources for the 
origin of the infection, laparotomy with appendectomy was performed. 
An interval appendix, the tip of which was adherent and perforated into 
the psoas sheath, was found, believed to be the cause of the disease, and 
removed. <A brief discussion of some of the available writings about 
similar cases is given. 


CONCLUSION 


Abscess of the thigh may arise from the perforation of the appendix 
into the psoas sheath by gravitation of the septic material down its 
course beneath Poupart’s ligament. 
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RIGHT RETROMESOCOLIC HERNIA 


Haupert, M.D., New Or EAns, La. 


(From the Department of Anatomy, Johns Hopkins University, and the Department 
of Pathology and Bacteriology, the School of Medicine, Louisiana State University) 


HE condition here described is one of the rarest of intraperitoneal 

hernias; it was discovered during the routine anatomic study of the 
body of a thirty-five-year-old negro woman (C. A. 484 E) who, acecord- 
ing to the record, died of ‘‘drunkenness.’’ No other history was avail- 
able. The disposition of the small intestine was identified as a malposi- 
tion acquired during the rotation period of the development of the gut 
resulting in a right retromesocolic hernia. 

The peritoneal cavity revealed the usual disposition of the upper 
abdominal organs. The stomach and the supramesocolice portion of the 
duodenum appeared dilated. The former measured 16 em. along the 
lesser curvature and 56 em. along the greater curvature which extended 
to the level of the iliac crests. The supramesocolic portion of the duo- 
denum was 7 em. long with a circumference of 7 em. There was per- 
fect fusion of the layers of the greater omentum which covered the lower 
abdominal organs. Reflection of the greater omentum and of the trans- 
verse colon with its mesocolon disclosed the relations shown in Fig. 1. 

The cecum lay on the linea terminalis with the appendix in a eranio- 
medial position. The ascending colon was of usual length and at the 
hepatic flexure formed an acute angle with the transverse colon. The 
latter was caudoconvex and continued at the splenic flexure into the 
descending colon. This, the sigmoid colon, and the rectum were in their 
usual positions. The right upper compartment of the peritoneal cavity 
below the root of the transverse mesocolon contained 90 em. of the 
terminal ileum which at this point emerged from the opening of a peri- 
toneal sac. The opening lay on the right side of the vertebral column 
directed anteriorly and medially, measured 7 by 5 em., and had stoutly 
thickened margins. In addition to the terminal ileum a loop of jejunum 
passed through the opening of the sac. The left compartment of the 
peritoneal cavity below the root of the transverse mesocolon contained 
134 em. of jejunum. The cranial end of this segment of small intestine 
left the sae at the upper and anterior margin of the opening; the caudal 
end returned at the lower margin, while the terminal ileum emerged 
from behind. The sae was on the right side of the vertebral column and 
measured 20 by 16 em. It formed a blind pouch of peritoneum con- 
taining the inframesocolie portion of the duodenum (22 em. long) with 
the initial 15 em. of the jejunum in its upper part and 110 em. of eol- 
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lapsed loops of jejunum and ileum in its lower part (Figs. 2 and 3). 
There were no adhesions between the loops. At the point of passage 
through the opening of the sac, the circumference of the jejunum was 
reduced to 4 em.—i.e., half the cireumference of that situated outside the 
sac. Within the thickened craniolateral margin of the anterior wall of 
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Fig. 1.—View of the lower abdominal organs after reflection of the greater omentum 
and of the transverse colon with its mesocclon. The right and upper compartment 
contains 90 cm. of the terminal ileum which emerges from the opening of the peri- 
toneal sac together with a loop of jejunum, contained in the left compartment. The 
outlines of the sac are dotted. 


the sae lay the ileocolic artery and vein. The opposite margin of the 
opening was made up of a firm double fold of mesentery. 


Detailed dissection of the branches of the celiac axis, of the superior 
and of the inferior mesenterie arteries disclosed no unusual variations in 
their courses. The inferior mesenteric vein joined the superior mes- 
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enterie vein which united with the splenic to form the portal vein. Along 
the left side of the aorta an accessory vein connected the left common 
iliae with the left renal vein (remnant of the left caudal cardinal vein). 


COMMENT 


There are seventeen cases of right duodenal hernia enumerated in the 
second edition of Moynihan’s monograph, On Retro-Peritoneal Hernia, 
published in 1906.1 The first of these is eredited to Klob whose report 
appeared in 1861. According to Nagel, twenty-nine authentic cases of 
right paraduodenal hernia were published up to 1923.2 In the same 
year Andrews listed sixty cases that had been reported since 1906, but 
he made no attempt to classify them into right or left ‘‘as this has in 
many cases seemed a matter of great doubt.’’ Andrews concluded that 
duodenal hernia is a congenital anomaly due to imprisonment of the 
small intestine beneath the mesentery of the developing colon.* In 1925 
Brown listed thirty-two authentic cases of right duodenal hernia.* 
Haymond and Dragstedt described a case in 1931. This case, ‘‘ which 
formerly would probably have been considered an intra-abdominal 
hernia is now more logically explained on the basis of malrotation 
of the midgut loop in the second stage of rotation.’’”> Their case is not 
ineluded in Exner’s list of forty cases reported up to 1932.6 Authentie 
eases have been presented since by Harris,‘ Halliwell,? Takashima, 
Hirano, and Ikeda,’® Bryan,’ Schildt,' Foote,’ and Averbach.’? These, 
together with the present one, bring the number of authentic eases to 
forty-nine. 

The type of malposition of the small intestine presented here is ap- 
parently a developmental anomaly, due to a faulty orientation of the 
developing gut during that period of its rotation when the ceeum 
migrates towards the right iliac fossa and the hepatie flexure becomes 
fixed. The failure of the caudal and medial two-thirds of the ascending 
mesocolon to fuse with the parietal peritoneum leaves a pocket enclos- 
ing the loops of the small intestine. The opening of this pocket, which 
is the hernial sac, points towards the left and the pelvis. Its anterior 
wall is the ascending mesocolon, hence the name hernia retromesocolica 
dextra. The anterior wall of the hernial sac being the ascending meso- 
colon, it naturally contains the vessels tributary to the ileocecal region 
and to the right half of the colon; namely, the ileocolic and the right 
colie arteries and veins. The posterior wall is formed by the parietal 
peritoneum. The hernial sae has nothing to do with the duodenum since 
the latter attains its usual shape, position, and peritoneal relationship. 

Perhaps in this ease, as in almost all of the other illustrated cases, the 
hernial sae at first contained all of the small intestine with the exception 
of a segment of the terminal ileum. In this instance, however, a loop 
of jejunum escaped later through the mouth of the hernial sae and re- 
mained located in the peritoneal cavity outside of the sae. This sequence 
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Fig. 2.—The cranial end of the jejunum leaves the sac at the upper and anterior 
margin of the opening; the caudal end returns at the lower margin, while the terminal 
ileum emerges from behind. 
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Fig. 3.—The location of the loops of the small intestine within and outside the sac 
is indicated, 
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of events seems more reasonable than the alternate one; namely, that all 
of the small intestine herniated into the peritoneal sac leaving only a 
segment of the jejunum outside. As far as can be ascertained, this is 
perhaps the only reported case in which the above situation pertained ; 
namely, that a loop of small intestine escaped from the hernial sae into 
the peritoneal cavity through the mouth of the sae. 


SUMMARY 


Malposition of the small intestine in a peritoneal sae behind the 
ascending mesocolon is described and interpreted as a right retromeso- 
colic hernia. 
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REPAIR OF DIRECT INGUINAL HERNIA BY 
OSTEOPERIOSTEAL GRAFT TO THE 
PECTINEAL LINE OF THE PUBIS 


J. Ross VEAL, M.D., Aanp Dan D. Baker, M.D., NEw ORLEANS, La. 


(From the Departments of Surgery and Anatomy of the School of Medicine, Louisi- 
ana State University, and Charity Hospital of Louisiana in New Orleans) 


HE results of the surgical repair of direct inguinal hernia by the 

operations thus far devised have proved disappointing. Andrews 
and Bissell,’ from a follow-up of their cases and a review of the litera- 
ture, reported that there was a recurrence rate of 20 per cent. Such a 
high pereentage of failures suggests an anatomic rather than a tech- 
nical deficiency in the procedures commonly used. 


The various procedures now in use for the repair of direct inguinal 
hernias all have similar anatomic principles.2 Wolfler, in 1892, advo- 
cated incising the anterior rectus sheath and drawing the muscle down 
to the inguinal ligament and suturing it there. In 1898 Bloodgood de- 
scribed an operation in which a portion of the rectus musele and its 
sheath were drawn down and sutured, with the conjoined tendon and 


internal oblique, to the inguinal ligament. Halsted, Hotchkiss, Lusk, 
and Berger secured a triangular flap from the anterior sheath of the 
rectus, turned it down, and sutured it to the inguinal ligament. Blake, 
in 1900, exposed the lower rectus muscle and sutured it to the inguinal 
ligament. He next brought down the internal oblique muscle behind 
the cord, sutured it to the inguinal ligament, and then overlapped the 
edges of the aponeurosis. Downes, in 1911, utilized a similar procedure 
suturing the rectus and internal oblique muscles to the inguinal liga- 
ment. All of these operations attempt to form a buttress by attaching 
either the conjoined tendon, internal oblique muscle, rectus muscle or 
sheath, or a combination of these structures to the inguinal ligament. 
The use of fascia as sutures in the place of silk or catgut has many advo- 
cates, but even with this substitution the percentage of failures has not 
been materially reduced. 


A review of the anatomy of the structures- involved in a direct in- 
guinal hernia will show that, after such methods of repair as have been 
mentioned, there still remains a defect over the pectineal line of the 
pubis. The normal support afforded by the conjoined tendon over that 
region is lost. A direct inguinal hernia protrudes through Hesselbach’s 
triangle, medial to the deep inferior epigastric artery. The principal 
structures involved are the conjoined tendon and transversalis fascia. 
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The conjoined tendon is formed by the union of the aponeurosis of the 
obliquus internus abdominis and transversus abdominis muscles. It is 
attached to the crest, the spine, and a portion of the pectineal line of the 
pubis. It is also loosely attached to the shelving edge of the inguinal 
ligament. The union to the pectineal line is very firm. The conjoined 


SCARPAS FASCIA---------- 
APONEUROSIS OF EXTERNAL OBLIQUE--- 
CONJOINED TENDON------ 
TRANSVERSALIS FASCIA--- 
PERITONEUM 


FALCIFORM LIGAMENT 
AY 


SUTURE OF CONJOINED TENDON TO OSTEO-PERIOSTEAL GRAFT 
INGUINAL LIGAMENT-~+ SUTURED TO CONJOINED TENDON- 
CLOSURE OF SAC AND TO PECTINEAL LINE - 
DEFECT LEFT OVER PUBIS~, OF PUBIS~, 


/ 
/ 


Fig. 3.—A, arrows indicate position of sagittal sections B, C, and D 1% inches 
lateral to the middle anterior abdominal line; B, the normal relations of shelving por- 
tion of the inguinal ligament to the conjoined tendon and the pectineal line of pubis; 
C, illustration of the defect over the pectineal line after the usual operation for repair 
of . direct hernia; D, showing the closure of defect by means of an osteoperiosteal 
graft. 


tendon forms a strong support to the anterior abdominal wall behind the 
external inguinal ring (Fig. 1). The transversalis fascia is attached 


inferiorly to the outer two-thirds of the shelving edge of the inguinal 
ligament and to the crest and the medial half of the pectineal line of the 
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pubis, posterior to the conjoined tendon. The fascia is very thin medial 
to the femoral vessels and is adherent to the posterior surface of the 
conjoined tendon. (ig. 2.) Keith, as cited by Rives,* has demon- 
strated on cadavers of newborn infants that, when an inguinal hernia 
exists at birth, the conjoined tendon is not attached to the pubis but is 
attached higher up on the border of the rectus sheath. 

For a hernia to occur through Hesselbach’s triangle, there must be 
either an anatomic variation in the insertion of the conjoined tendon or 
there must develop some weakness of the transversalis fascia and con- 
joined tendon in this region. The hernia pushes the transversalis fascia 
forward and the conjoined tendon is displaced forward and medially. 
These structures become thin as the hernia enlarges. It may break 
through the transversalis fascia and displace or disrupt the attachment 
of the conjoined tendon to the pectineal line of the pubis. Such a hernia 


Fig. 4.—Low-powered photomicrograph showing the union of osteoperiosteal graft to 
the tip of a transverse process in the dog. 

when examined will be found to glide over the superior surface of the 

pubis and the strong sheet of the conjoined tendon normally present 

will be missing. 

The loss of the support of the conjoined tendon and of the trans- 
versalis fascia over the pectineal line of the pubis is then the pathologie 
basis for the development of a direct inguinal hernia. Any repair which 
does not reestablish this support along the pectineal line will leave an 
anatomie defect which may lead to recurrence of the hernia (Fig. 3C). 
In order to close this defect the repair should begin by building up a 
buttress from the pectineal line (Fig. 3D). It is very difficult and often 
impossible to fix any of the surrounding structures, such as the rectus 
sheath or conjoined tendon, to the pectineal line of the pubis. There- 
fore, it becomes necessary to use some type of free fascial transplant to 
overcome this defect. 
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From the works of MacHwen‘* and Gallie and Robertson,’ it would 
seem that an osteoperiosteal strip grafted to bone or periosteum should 
become firmly united to that structure by dense fibrous tissue. This 
type of graft also forms a firm union with fascia and muscle by the 
formation of a fibrous tissue scar. These authors have also shown that 


Fig. 5.—Drawings showing the steps in the repair of a direct hernia using an 
osteoperiosteal graft. a, exposure cf the sac and retraction of the cord laterally; b, 
ligation of the sac; c, insertion of osteoperiosteal graft along the pectineal line of the 
pubis and showing the points of suture to conjoined tendon; d, use of the periosteal 
strip as a fascial suture uniting the conjoined tendon to the shelving portion of the 
inguinal ligament, behind the cord. 


if periosteum, bone and periosteum, or bone alone is transplanted to 
structures where bone is not normally found, or where there is no fune- 
tion for it to perform, the bone will become absorbed and the graft will 
leave fibrous tissue scar. In a series of experiments on dogs we have 
found that the osseous portions of osteoperiosteal grafts transplanted 
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into musele or attached to transverse processes of the spinal vertebrae 
have been gradually absorbed. However, there has been left behind a 
dense layer of fibrous tissue which has become firmly united to the sur- 
rounding structures. (Fig. 4.) Therefore, it would seem that osteo- 
periosteal grafts would serve admirably to repair the defect over the 
pectineal line of the pubis. 


ay 


Fig. 6.—Drawing showing the origin of the osteoperiosteal graft from the anterior 
surface of the tibia. Note the shape of the upper end of the graft which is used to 


fill in the defect over the pectineal line of the pubis. The long tail portion is used 
as a fascial suture. 


These principles have been used in the repair of a series of direct in- 
guinal hernias in the following manner (Fig. 5): The usual oblique 
incision is made. The external oblique aponeurosis is divided and the 
hernia exposed. The cord is retracted laterally. The inferior epigastric 
artery is identified and in eases of large hernias is divided between liga- 
tures just above the inguinal ligament. The sac is ligated with a purse- 
string suture and excised. Now the superior surface of the pubis is 
exposed by pushing the transversalis fascia and peritoneum backward. 
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The periosteal covering over the pectineal line of the pubis is divided 
with scalpel from the pubic spine to the margin of the femoral vessels. 
This incision extends through the periosteum, exposing the pectineal 
line of the pubis. Attention is now turned toward the preparation of a 
periosteal graft. 

An incision is made over the medial border of the tibia, 8 to 12 inches 
in length. The anterior surface of the tibia is exposed. A full thickness 
osteoperiosteal graft is now removed (Fig. 6). The upper portion of the 
graft is made the size and shape to fit into the defect over the pectineal 
line of the pubis. This portion of the graft is made of the full thickness 
of the periosteum and also contains thin slips of bone. The long tail 


Fig. 7.—X-ray of the pelvis made two weeks after repair of a direct hernia with 
osteoperiosteal graft. Arrows show the position of the osteoperiosteal graft along the 
pectineal line of the pubis. 


part is made up only of periosteum. The graft is sutured first to the 
divided periosteum of the pubis with two to four sutures of chromic 0 
catgut. It is then sutured to the posterior surface of the conjoined 
tendon. (Figs. 3D and 5c.) The long periosteal tail is used as a suture 
to draw the conjoined tendon down to the inguinal ligament. Two to 
four additional chromic No. 1 sutures are used to unite the conjoined 
tendon to the inguinal ligament. The cord is now replaced and the 
external oblique aponeurosis and skin closed. The skin incision in the 
leg is then closed, no attempt being made to close the periosteum. 

This operation has been done on 14 patients. The first operation 
was done February 19, 1937. All wounds healed by primary union. 
X-rays made two weeks after the operation in each instance have shown 
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the graft at the site sutured to the pectineal line of the pubis (Fig. 7). 
Three months later, however, all the bone in the graft had apparently 
been absorbed. X-ray pictures made at this time failed to show any 
evidence of bone at the site of the graft. Physical examination revealed 
a very dense wall of fibrous tissue scar over the superior surface of the 
pubis. X-rays of the tibiae have shown no bone changes or any evidence 
of proliferation of the periosteum. Follow-up examinations on these 
patients have revealed no recurrences thus far. It is entirely too early 
to draw final conclusions. This preliminary report is made with the 
hope that others will try this procedure and thereby aid in determining 
its merits. 
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AN EXPERIMENTAL STUDY OF THE EFFECTS OF X-RADIA- 
TION UPON ACUTE PYOGENIC INFECTION OF THE 
SKIN AND SUBCUTANEOUS TISSUES* 


José A. Soro, M.D.,+ ALEXANDER BRUNSCHWIG, M.D., AND 
F. W. Scuuutz, M.D., Cuicaco, IL. 


(From the Departments of Pediatrics and Surgery and the Division of Roentgenology 
of the Department of Medicine, The University of Chicago) 


INTRODUCTION 


HE beneficial effects of x-radiation upon a large variety of acute 

and chronic infections in man have been repeatedly cited in the 
literature for many years (bibliography by A. U. Desjardins). On the 
other hand, controlled experimental evidence for the efficacy of such 
treatment in acute pyogenic infections has been reported in but a rela- 
tively few instances. 

Shaefer in a series of 22 rabbits observed the effects of 450 r of x-radia- 
tion in subeutaneous and intramuscular infection produced by injection 
of staphylococci. In 11 cases the irradiated lesions healed more rapidly 
than in control animals. In 7 cases the severity of the inflammation 
was reduced but healing was not accelerated. In 4 cases no differences 
were noted. Somewhat similar results were reported by Proto using 10 
animals and 4 controls. Motojima, in the course of a study of the effects 
of x-radiation upon ‘‘chemical inflammation,’’ also injected a series of 
15 rabbits with staphylococci in two locations in each animal and ex- 
posed one of the foci to small doses of x-rays. In all but two instances 
the doses were substantially less than ‘‘1 erythema’’ and no differences 
were noted. In the two cases where one erythema dose was delivered, the 
severity of the process was reduced. Lacassagne and Vinzent infected 
rabbits with Streptobacillus caviae and observed that x-radiation led to 
eventual healing of the process which in control animals was ultimately 
fatal in all instances. 


Except for the observations of Motojima, in the previous experimental 
work, controls consisted of animals injected with the bacteria and not 
irradiated. Apparently little attention was paid to the fact that quite 
appreciable variations obtain in the severity of infections induced in any 
series of animals injected with like amounts of the same organisms. It 
would appear that untreated lesions in the same animal having an 
irradiated lesion afford the best experimental control. 


*This work was supported by a special grant from the Douglas Smith Foundation 
of the University of Chicago. 

+Douglas Smith Fellow, University of Chicago. 

Received for publication, December 28, 1937. 
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The authors’ clinical experience in roentgenotherapy of acute and 
chronie pyogenic infections comprises, for the most part, furunculosis, 
earbunele, cellulitis, and lymphadenitis. While in some instances a 
definite impression was obtained that the treatment was beneficial, final 
conclusions were impossible because of the great variation in the course 
of such infections observed clinically where roentgen therapy was not 
employed. For this reason a series of experiments were performed to 
test again the value of such treatment under controlled conditions. 


EXPERIMENTAL 


In the following experiments the irradiation was delivered at 200 
kv., 25 Ma., 50 em. F.S.D., and 1 mm. Cu + 1mm. Al. Measurements 
meds in r units in air. 

The bacterial suspensions injected consisted of twenty-four-hour blood 
agar slants taken up in distilled water. It was felt that the use of 
distilled water would favor rapid diffusion of the bacteria in the foci of 
inoculation. 


EXPERIMENT I.—Control experiments, 8 rabbits. 

In 5 rabbits injections of Y%g ¢.c. of a suspension of B. coli were made on the 
right posterior back over the left hip and on the left anterior back just back of the 
left shoulder. In 3 animals 0.5 ¢.c. of such a suspension was injected in a similar 
manner. In 3 cases only one point of injection was made in each area; in the others 
two adjacent injections were made, thus affording two foci of two injections each 
in the same animal. In twenty-four hours the injected sites exhibited irregular or 
oval elevations and erythematous areas measuring 0.6 to 1.5 em. in diameter. The 
point of injection in the center of these areas appeared as a small yellowish spot. 
Subsequently the yellowish spot increased in size and the edematous areas decreased 
slightly, and by the fifth or sixth day a frank abscess not surrounded by edema was 
present. Small crusts then appeared over the central portions of the abscesses 
and the latter gradually resorbed during the subsequent twelve to thirty days (healing 
under crust). In some cases there was spontaneous rupture with discharge of 
purulent material. 

There was some variation in the course of the inflammatory lesions in each animal. 
One of two adjacent foci often appeared smaller than its neighbor, but again on 
other days the differences would not be as appreciable in the same animal. In no 
instance did one pair of foci pursue a markedly different course than the other pair. 
Healing of all lesions in a given animal occurred at about the same time after in- 
jection. Considerable variation in the course and healing time occurred among 
the different animals. 


EXPERIMENT II.—Irradiation at various intervals in relation to intracutaneous 
injection of B. coli suspension in distilled water. 

A. Irradiation twenty-four hours before injection: Six hundred r were delivered 
to an 8 by 8 em. portal over the caudal portion of the right back in 7 rabbits. 
Twenty-four hours later Yg c.c. of the B. coli suspension was injected intra- 
cutaneously in two adjacent points in the irradiated area and two adjacent points 
cephalad on the left back, the latter to serve as controls for the former. 

The subsequent course of the inflammatory lesions varied among the animals. 
In one instance the inflammation was always less intense in the irradiated field 
than in the control and healing was more rapid in the former. In 3 cases no dif- 
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ference was apparent between test and control lesions and in the remaining 3 the 
abscesses of the irradiated lesions appeared slightly larger than the controls, although 
final healing occurred at about the same time. The differences in size in the latter 
group, however, were within the limits of variation observed in the controls of 
Experiment I. 

B. Irradiation within five hours after injection of the bacteria, 15 rabbits: 
In two areas on the back, one above the right hip and one above the left shoulder, 
two adjacent intracutaneous injections of 14g ¢.c. or 4% ¢.c. of distilled water-B. coli 
suspension were made, the same dose being used in a given animal. The posterior 
area was irradiated. In 12 instances the lesions in the posterior or irradiated field 
exhibited less edema and the abscesses subsequently developed were smaller than in 
the control areas in the same animal. In 1 case the differences were apparent twenty- 
four hours after irradiation; in the remaining 11 instances the differences were not 
appreciable until the third to fifth day. In most cases the irradiated lesions subse- 
quently resorbed more rapidly than the controls and were healed a few days before 
the latter. In some instances final healing in the two areas occurred about the same 
time, even though the irradiated lesions were smaller. 


_ Fig. 1.—Illustrating one rabbit in Experiment II B (see text). Two foci of pyogenic 
inflammation were produced by intracutaneous injection of 14g c.c. suspension of B. 
coli in distilled water at two adjacent points on the animal’s back—one focus posterior- 
ly on the left side and one anteriorly on the right. Three hours after injection, the 
posterior group received 600 r x-radiation. Above photo taken five days later shows 
severity of inflammation in A, the irradiated lesions, to be quite appreciably less than 
in B, the nonirradiated controls in the same animal. 


In 2 animals the irradiated lesions exhibited slightly more intense inflammation 
than the controls. In 1 of these an appreciable difference did not appear until 
about the tenth day and eventual healing occurred earlier in the control area. In 
the other the control area exhibited healing by the twelfth day, while the lesions 
in the irradiated area were not resorbed until the sixteenth day. 

In 1 animal there was no difference between the irradiated and control lesions. 

C. Irradiation of posterior area twenty-four hours after injection of bacteria 
as above, 10 rabbits: Consistent results were not obtained in this series, as in 3 in- 
stances healing appeared slightly delayed in the irradiated areas; in 2 instances heal- 
ing of the irradiated areas appeared slightly accelerated, and in 5 instances no 
differences were observed. 

D. Irradiation of the posterior area seven days after injection: Two small 
abscesses of approximate equal size (1.5 em. in diameter) were present in each 
area as a result of 14, ¢.c. B. coli suspension injected intracutaneously, 6 rabbits. 
No differences were appreciable in the subsequent course of the lesions between the 


irradiated and control areas. 
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EXPERIMENT III.—Irradiation of foci of acute inflammation due to bacteria of 
relatively low virulence for the test animal. 

Control observations using a strain of Staphylococcus aureus revealed this organ- 
ism to provoke a much milder reaction and smaller suppurative foci than in the 
ease of the strain of B. coli used above. 

Irradiation was given immediately after injections, made as above to the posterior 
area in each of 6 animals. In 2 instances the irradiated foci exhibited less inflam- 
mation than the controls for two or three days following irradiation, but later no 
difference was appreciable between the test and control areas, and when healing 
occurred the size of the lesions was about the same. In 4 cases no difference was 
observed, healing taking place by the tenth to fourteenth day. 


Fig. 2.—Injection of 0.1 ¢.c. croton oil intracutaneously on back of rabbit at two 
widely sepvarated foci. Seven days later 600 r x-radiation to posterior focus, R. 
Photograph taken thirteen days after irradiation. Intense edema persists in control 
area, C.; only slight edema in irradiated area, R. 


EXPERIMENT IV.—Irradiation of inflammatory foci where large numbers of 
virulent bacteria were injected. 


This experiment was performed by Dr. B. H. Blocksom. Eight rabbits each re- 
ceived four intracutaneous injections, two on each side of the back, of 0.5 ¢.c. sterile 
water suspension of a virulent hemolytic Staphylococcus aureus prepared as described 
above. Markedly edematous indurated areas 2 to 2.5 cm. in diameter developed in 
twenty-four hours in the center of which necrosis and sloughing of the skin then oc- 
curred, One area on each side of the back was given from 300 to 600 r of x-radia- 
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tion, the same doses used in each animal. In some instances this was given one hour 
after injection and in others twenty-four to forty-eight hours later. In no instance 
were there appreciable differences between the evolution of the test and control 
lesions. 

Microscopic study of sections from irradiated and control inflamed foci was 
made both where there were gross differences and where the two areas were the 
same at varying intervals following irradiation. No evidence was found in these 
sections that the irradiation had induced a widespread disintegration of leucocytes, 
especially lymphocytes. Where the irradiated foci were smaller, due presumably to 
irradiation, the process was not qualitatively different from the control areas. Smears 
from pus expressed from irradiated and control lesions likewise revealed no qualitative 
differences in the exudate. 

Thus, because no evidence was obtained to indicate an irradiation effect upon the 
leucocytic exudate, the question of effects upon capillary permeability was next 
considered. 

In a previous study of another nature in which croton oil was injected into 
rabbits’ tissues, it was observed that this substance induced a very marked and 
widespread gelatinous-like edema in the subcutaneous tissues as well as an acute 
diffuse leucocytic infiltration, and finally skin necrosis and intense suppuration. 


EXPERIMENT V.—Croton oil control experiments. 

One-tenth cubic centimeter of croton oil was injected in two foci subcutaneously 
in 7 animals. One injection was made forward in the right back and the other was 
made caudad on the left side. The evolution of the inflammatory process was 
about the same in each area in the same animal. After five to seven days, marked 
edema over an area several centimeters in diameter was present and over the central 
portion of this a circular patch of beginning dry gangrene of the skin appeared. 
A few days later suppurating sinuses appeared at the margins of the crust. The 
latter then slowly separated leaving an ulcer which required three to four weeks 
to heal. 


EXPERIMENT VI.—The effects of irradiation at various intervals upon the inflam- 
mation induced by subcutaneous injection of 149 ¢.c. croton oil. 


A. In 7 animals 400 r of x-radiation were delivered to the posterior right back. 
Twenty-four hours later two injections of croton oil were made, one anteriorly in 
nonirradiated tissue and one posteriorly in the irradiated field. Subsequent ob- 
servations showed less intense edema in the irradiated areas in 3 animals; in 4 animals 
no distinct difference was noted. In all instances complete healing occurred about 
the same time, i.e., one month. 

B. In 5 animals injected as above, 600 r of x-radiation were delivered to the 
posterior port immediately after the injection. By the sixth day the intensity of 
edema about the central necrotic skin patch was considerably greater in each case 
in the control than in the irradiated area. Subsequently this difference became 
less marked in 2 instances but persisted in the remaining 3 until healing occurred 
of all lesions at the same time approximately one month after injection. 

C. Six hundred r were delivered to the posterior area twenty-four to forty-eight 
hours after subcutaneous injection of croton oil in 9 animals. In 7 instances the 
severity of the local edema was subsequently quite appreciably less in the irradiated 
than in the control areas; in 2 instances there was no difference. Final healing of the 
irradiated areas was not more rapid than the controls even where the reactions were 
less severe throughout the course of the lesions. 

D. Four hundred r were delivered to the posterior area in 7 animals seven days 
after 49 ¢.c. of croton oil was injected subcutaneously in two regions as above. At 
this time the edema was marked and equal in extent in each area. In 4 instances the 
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edema was considerably reduced by forty-eight to seventy-two hours after irradiation 
and subsequently resorption of the process was more rapid in the irradiated areas. 
In 3 cases no appreciable difference was observed between the test and control areas. 

Thus the effects of irradiation upon croton oil inflammation are manifested 
by a reduction in the extent of the gelatinous like edema. This would indicate an 
effect of the irradiation upon capillary permeability in the region. Microscopic 
sections show no differences in the quality of the leucocytic infiltration, between those 
irradiated lesions where the edema had been reduced and the control areas where 
the edema was relatively much more intense. 

Since the tissue reactions from croton oil injections were quite violent, further 
observations were made upon permeability effects in the capillaries where only a 
mild and brief disturbance in permeability was induced. 


EXPERIMENT VII.—The effects of x-radiation upon histamine wheals. 


One-tenth c.c. of histamine dihydrochloride was injected intracutaneously in two 
adjacent points in two separate areas on the backs of rabbits. One area was given 
600 r of x-radiation; the other area served as a control. Preliminary tests revealed 
that where nothing was done to the skin all of the wheals disappeared about the 
same time in a given animal. Observations were made using in all 9 animals in 
which the disappearance of the histamine wheals in areas two to three hours, twenty- 
four, forty-eight, and seventy-two hours and seven days after irradiation was com- 
pared with control areas in the same animal. No appreciable differences were 
observed. 

Additional experiments were conducted in which 600 r x-radiation was de- 
livered to one ear of a rabbit, the other serving as control, and 1 per cent aqueous 
solution of trypan blue and pontamin blue injected into the marginal vein three and 
twenty-four hours following irradiation. No appreciable differences between 
irradiated and control areas were observed in the diffusion of the dye into and its re- 
tention in the tissues. 


EXPERIMENT VIII.—While it has been repeatedly shown that bacteria in vitro are 
highly resistant to x-rays, the following experiment was made to observe whether 
irradiation of the strain of B. coli in vitro in a medium containing rabbit serum, 
might indicate that one factor in reducing the severity of the B. coli infections may 
be an effect upon the organisms in the presence of the animal’s serum. 

Six test tubes of dextrose veal infusion broth containing 3 per cent rabbit serum 
were inoculated with one small loop of a twenty-four-hour broth culture of the 
organisms. These served as controls for six additional test tubes of similar broth 
inoculated from the same culture in similar manner and immediately before incuba- 
tion exposed to 600 r of x-radiation. After twenty-four hours, forty-eight and 
seventy-two hours at 37° C., the growth was practically identical in all tubes. 


DISCUSSION 


In the above experiments it is shown that moderate doses of x-radiation 
exert a beneficial influence upon the course of pyogenic infections in the 
skin and subeutaneous tissues in rabbits where the virulence of the in- 
vading organism was moderate, where the numbers of bacteria injected 
were not excessive, and where the irradiation was given early after the 
bacterial injections, that is within five hours. The severity of the inflam- 
mation was reduced and healing accelerated in most instances. 

Where the virulence was low and the natural course of the lesion was 
itself relatively brief, the beneficial effects of x-radiation were not clearly 
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demonstrable. Where the virulence was of moderate degree but where 
large numbers of bacteria were injected, no appreciable influence of 
irradiation upon the course of the infection could be observed. 

The time of the irradiation in relation to the course of the infection 
appears to be of importance in that the greatest inhibitory effects upon 
the severity of inflammation were obtained shortly after injection of the 
bacteria. No beneficial influence could be observed when irradiation was 
given after suppuration was well established. Irregular results were 
obtained when the tissues were irradiated prior to bacterial invasion. In 
a few instances the intensity of the inflammation was more pronounced 
for varying periods in the irradiated lesions than in the controls in the 
same animal. 

The literature dealing with the mechanism by which irradiation in- 
fluences the course of bacterial inflammation has been greatly influenced 
by the observations of Heineke. The latter, published in 1903 when x-ray 
apparatus and methods of measurement were primitive, indicated that 
the lymphoid tissue was extremely radiosensitive. Deductions from these 
statements have been and are still repeatedly being made to explain the 
beneficial effects of irradiation on the assumption that. widespread 
lymphocytic disintegration in the field liberates large amounts of anti- 
bacterial ferments. More recent observations, and to mention here only 
those of Maximow, have shown, however, that such leucocytie disintegra- 
tion is not observed in sterile inflammatory foci treated locally by 
moderate doses of x-radiation. In the above studies no appreciable 
qualitative differences were observed between irradiated and control 
foci of inflammation at various intervals after twenty-four hours follow- 
ing irradiation. The lesions that were apparently benefited by the 
irradiation appeared as smaller lesions than the controls but were of 
identical character. 

The marked interstitial edema resulting from the subcutaneous injec- 
tion of croton oil was quite appreciably reduced by x-radiation as com- 
pared with control foci in the same animal. This suggests, in view of the 
unchanged character of the cellular exudate, that the mechanism of the 
action of x-radiation in reducing the severity of the inflammatory 
processes is, in part at least, an effect upon the capillary bed of the 
field, to permit a more rapid absorption of noxious substances. Whether 
this is a direct effect upon capillary endothelium or whether it is due 
to a transitory hyperemia (not grossly apparent) induced shortly after 
exposure to x-radiation and which of course includes an increased rate 
of loeal blood flow, cannot be stated from the evidence obtained in 
the above experiments. 

In conclusion it might be added that the apparent reduction in size 
of certain neoplasma often noted after small doses of x-radiation and 
accompanied by prompt alleviation of local symptoms may be due to 
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an initial reduction in interstitial edema in a manner similar to that 
observed above in the inflammatory foci induced by the injection of 
eroton oil. 


SUMMARY AND CONCLUSIONS 


In a series of experiments based upon 105 rabbits and in which non- 
irradiated control lesions were produced in every instance in the same 
animal that bore irradiated lesions the following conclusions are reached : 


1. Moderate doses of 200 kv. x-radiation filtered by 1 mm. Cu + 1 mm. 
Al, i.e., 600 r, reduce the severity of acute pyogenic infections in the 
skin and subcutaneous tissues but do not necessarily hasten the final 
healing of these lesions. In a small percentage of cases the irradiated 
lesions healed more slowly than the controls. 

2. The optimum opportunity for beneficial effects is obtained when 
the irradiation is given shortly after the injection of organisms (within 
five hours) and decreases as the suppurative phase (abscess formation) 
of the infection becomes more prominent. Irradiation twenty-four hours 
prior to bacterial injection did not inhibit the severity of the subsequent 
lesions; indeed, some of the lesions in such areas healed more slowly 
than the controls. 

3. No evidence was obtained that the beneficial effects of x-radiation in 
inflammatory processes are due to widespread destruction of leucocytes, 
especially lymphocytes in the field with liberation of antibacterial 
ferments. In fact the exudate in the irradiated lesions was practically 
identical with that in the controls. 

4. Evidence is presented to indicate that a factor in the mechanism 
of the beneficial action of irradiation is an effect upon the capillary bed 
of the field which results in more rapid absorption of soluble substances 
from the inflamed areas. This would permit of a less intense leucocytic 
mobilization necessary to cope with the infection. 
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Editorials 


The Appendicitis Problem 


I. PELVIC APPENDICITIS 


ROM various reports of studies of cases of acute appendicitis, the 

‘‘typical’’ history is obtained in from 50 to 60 per cent of the cases. 
In our study the incidence is 53 per cent of 1,465 cases in which we 
regard our clinical data as reliable and complete. By ‘‘typical’’ his- 
tory I mean the usual fourth-year medical student’s reply and the 
average doctor’s conception when asked to give a clinical and labora- 
tory picture of acute appendicitis—severe epigastric pain gradually 
localizing in the lower right quadrant, nausea, vomiting, constipation, 
mild fever, leucocytosis, and tenderness at McBurney’s point. When 
I give a student a grade of 55 per cent for such a reply, he is astounded, 
for the picture of the disease he has presented is emphasized in all of 
his textbooks. Likewise, when a practitioner is told that his patient 
has peritonitis from a ruptured appendix, he is frequently amazed 
because ‘‘the pain was general and mild; there was no nausea or 
vomiting ; the temperature was normal, or only slightly elevated; and 
there was diarrhea and rectal tenesmus.’’ When [ reply to the stu- 
dent that the clinical picture of acute appendicitis is as varied as is 
the position of the appendix in human beings and that his description 
fits accurately only 50 to 60 per cent of the cases, he usually will find 
out what I mean if he wants to get a passing grade. When [ tell the 
practitioner that what we are observing together occurs not infre- 
quently in a study of a large series of acute cases, it may or may not 
do some good. 

The failure to recognize acute pelvic appendicitis is a serious and 
often a costly diagnostic error. I readily recognize the difficulty of 
making a correct diagnosis, but I do believe that an awareness of 
certain fairly constant characteristics of this condition will materially 
reduce the incidence of mistakes. 

The abdominal pain tends to be mild and often amounts to no more 
than a ‘‘discomfort.’’ It may be confined to the lower half of the 
abdomen, but usually it is not localized by the patient to one side or 
the other. More often than not there is no vomiting and frequently 
there is not even any nausea. The story of tenesmus and frequent 
bowel movements (usually interpreted as diarrhea) serves to convince 
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the doctor that the correct diagnosis is an intestinal upset. So con- 
vineed is he that a white blood count and a rectal examination are 
not usually made. I have seen many children and quite a few adults 
allowed to play or work until actual perforation of the appendix takes 
place. 

On physical examination there is general abdominal tenderness, usu- 
ally more marked in the lower half of the abdomen. Muscle spasm is 
frequently absent or not detected. The point of maximum tenderness 
may be in the midline between the umbilicus and symphysis, or even 
on the left side. 

Failure to make a rectal examination is often responsible for the 
error in diagnosis. In our series of 1,465 acute cases of appendicitis 
in which we regard the clinical data as accurate, there was rectal 
tenderness in 655 eases, or 44 per cent of the series. 


Failure to consider seriously appendicitis in the face of such a mild 
story and indefinite physical findings (without doing a rectal exami- 
nation or white blood count) is the commonest cause of missing the 
diagnosis. Students and doctors should realize that the clinical pic- 
ture as outlined is most often the typical picture of acute pelvic 
appendicitis. 


Il. ACUTE RETROCECAL APPENDICITIS 


Here again the mildness of the symptoms may be misleading to both 
the patient and the doctor. All too frequently the patient and the 
family are not enough concerned to seek medical advice ; consequently, 
it is the retrocecal appendix which yields such a high percentage of 
appendical abscesses. The appendix being buried and protected, a free 
rupture of it, with generalized peritonitis, is rather uncommon. It is 
a frequent occurrence in a large general hospital for people, after a 
few days of abdominal discomfort, to leave work and walk into the 
institution with an obvious appendical abscess. 


Even when medical advice is sought early there is often a great 
temptation for the doctor to be misled by the mildness of the symp- 
toms, although acute appendicitis may be recognized or suspected; 
frequently it is difficult to make the patient take the situation seri- 
ously enough to consider operation. The pain may be insignificant; 
nausea and vomiting may be absent. Personally I do not believe in 
observing any cases of early acute appendicitis, for I do not consider 
it possible to predict with any certainty what may happen. If I should 
have to do it, I would much prefer ‘‘watching’’ a case where the 
appendix is free and irritating moving peritoneum and causing violent, 
typical textbook symptoms and signs than a case where the appendix 
is hidden retrocecally in a quiet spot and giving very mild symptoms 
and signs. It can be just as bad as, or worse than, the free appendix 
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giving the classical picture. I have long since refused to take the 
responsibility of ‘‘observing’’ any ease of acute appendicitis and espe- 
cially the retrocecal case. In my practice it must be borne by the 
patient or his family. 

On eareful physical examination, the diagnosis is usually not so dif- 
ficult as in the case of acute pelvic appendicitis. Muscle spasm may 
be lacking, but localized tenderness somewhat above McBurney’s 
point, or even in the flank, is present. This is usually supported by 
a low fever and a high leucocyte count. 


Ill. RUPTURED APPENDICITIS 


The recent advocation of the conservative treatment for cases of ap- 
pendical abscess and peritonitis is having a somewhat unfortunate 
effect in that it is being misinterpreted alike by some laymen and 
doctors. It is not unusual for me to meet laymen and medical men 
who ask about the new treatment of acute appendicitis without op- 
erating. This growing impression may be productive of great harm 
and should be combated in every way possible. 

I must admit some difficulty in deciding what cases of ruptured 
appendicitis should be treated conservatively without operating. Prior 
to the onset of abdominal distention in cases of general peritonitis I 
still believe it wise to remove the appendix through a small MeBurney 
incision and to drain or not, depending upon the amount of contact 
necrosis and peritoneal soiling with fecal contents. In cases of walled- 
off abscesses it may often be good judgment to observe the trend of 
the process before deciding what to do. 

Yet the value of this conservative therapy, where definitely indi- 
cated, may become dubious or harmful if its misapplication in cases 
of acute unruptured appendicitis should increase. It is conceivable 
that the total mortality from acute appendicitis may increase unless 
the entire medical profession (not just surgeons) should learn the clear 
indications for the conservative therapy and that it has no place in 
the management of the acute unruptured cases. Time alone will have 
to prove the value of its revival. I trust that it will not eventually 
have the effect of increasing the total death rate from appendicitis 
in this country. 


IV. THE MEDICAL PROFESSION AND THE PUBLIC 


Mistakes in the diagnosis of appendicitis are inevitable. The follow- 
ing remarks, therefore, are applicable only to the doctors who de- 
liberately choose a policy of delay or nonoperative therapy when they 
believe the diagnosis of acute unruptured appendicitis is correct or 
even most likely. 
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In an effort to reduce the appalling death rate from appendicitis in 
this country, the emphasis has been put upon certain factors which 
appear to be definitely contributing to it. Of these, the lapse of time 
between onset of symptoms and operation appears to be most impor- 
tant. In cities where this average time is the shortest, the death rate 
is the lowest. For example, in Philadelphia where it is 49 hours, the 
death rate is 11 per 100,000 population; whereas, in Cincinnati where 
it is 91.2 hours, the death rate is over 30 per 100,000 population. 
Statistics show that the taking of purgatives by the patient or the 
prescribing of them by the doctor definitely increases the mortality. 
There are other less important factors, such as the type of operation, 
the handling of cases of ruptured appendicitis, ete., about which there 
may be some differences of opinion, but the first two mentioned are 
liked by the medical profession because the responsibility for the delay 
and the taking of purgatives can be and is being shifted directly upon 
the public. In communities where intensive campaigns have been con- 
ducted to educate the public with respect to the dangers of delaying 
operation or of taking purgatives, the mortality has been markedly 
reduced and doctors have been forced by public sentiment to adopt the 
policy of advising immediate surgical consultation for acute unrup- 
tured appendicitis. 

I frequently wonder if it is right or best for the profession to sit 
calmly and wait for an enlightened public opinion to correct its own 
responsibility in the matter. Nearly every surgeon in this country 
knows that there are some members of our medical profession who 
believe in and practice the nonoperative treatment of acute appendi- 
citis, others who counsel delaying operation until the acute attack of 
appendicitis has subsided. The surgeon also knows that placing the 
responsibility for a ruptured appendicitis squarely upon the shoulders 
of the doctor who has been treating a patient since the onset of the 
trouble brings a severance of professional relations and a counter- 
charge of being unethical, should he be indiscreet enough to speak 
about it to the family or anyone else. The next time another surgeon 
will be called into consultation. In a recent clinic for my students in 
which I showed cases of ruptured appendicitis with generalized peri- 
tonitis, I read letters from two doctors who said that they had been 
treating two of the patients for from five days to a week and had come 
to the conclusion that they would not get well without an operation. 
I was congratulated for my bravery but warned as to the ethics of 
reading such letters, even though the names of the doctors were not 
divulged. Such letters frequently accompany patients who are sent 
to a large charity hospital. Furthermore, a health survey shows that 
in Cincinnati during the seven years prior to 1936, 300 people died in 
their homes from ruptured appendicitis without the benefit of surgery. 
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The whole-hearted support of educational campaigns in the press, 
in paid advertisements, in our public schools, and through radio pro- 
grams and lectures would indicate a unanimous agreement among the 
medical profession regarding the advisability of early operation for 
acute unruptured appendicitis. Yet there are doctors among our pro- 
fession who do not follow this policy. Should organized medicine 
continue, by its silence, to recognize that, after all, their opinion may 
be right, that in this problem of appendicitis they are a law unto them- 
selves, and that no matter what may happen they are to be protected 
by a strict code of medical ethics? If so, then there is nothing to be 
done about the matter except to wait for the pressure of public senti- 
ment to correct a fault in our own ranks, for individual efforts among 
ourselves, as pointed out, will not do it. 

When certain procedures and rules are accepted as right, then there 
is usually some method of chastising those responsible who refuse to 
obey them. This is true if a doctor refuses to use antitoxin for diph- 
theria. It would certainly be true if a locomotive engineer chose to 
drive his train on the wrong track and caused the death of a number 
of people in a wreck. Organized medicine’s sponsorship of campaigns 
to reduce the mortality of acute appendicitis certainly justifies the 
assumption that there are certain rules and regulations concerning its 
treatment which are right. When will organized medicine assume 
some responsibility for censuring those doctors who refuse to obey 
them? Until it does, the public will continue to pay the price of an 
unnecessarily high death rate while professional ethies effectively de- 
fend the offenders in our own profession. 

—Mont R. Reid, M.D. 


Cincinnati, Ohio. 


Sinus Tracts and Their Identification 


NE of the most perplexing situations that confronts a surgeon is 
to have a patient return with a recurrence of the sinus in the identi- 
cal area from which the surgeon previously has removed it. Therefore, 
the identification of sinus tracts and their ramifications is of paramount 
importance from a surgical standpoint. 


Sinus formations are of two types, the congenital and the acquired; 
the latter type predominates. The congenital forms are the result of 
embryonic deviation from normal development. There are many areas 
in the body in which these identical sinuses oceur. The most frequent 
sites are the neck, the umbilicus, and the sacrococeygeal region. The 
sinuses in the neck are associated with the branchial apparatus and form 
the pre-auricular, thyroglossal, and cervical sinuses, and these are very 
difficult to completely ablate because they are the most complicated 
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form. Those t the umbilicus are associated with the gastrointestinal 
tract and bladder, while those in the sacrococcygeal region (pilonidal 
sinuses) are associated with the development of the caudal end of the 
medullary canal. The first and last types are the most common. 


The acquired types of sinus are very common and usually result from 
infections which drain to the surface spontaneously or which have been 
drained surgically. The acquired type will not be enumerated here, 
because they are familiar to all surgeons. However, their total removal 
is beset with the same difficulties that occur in the congenital types; that 
is, the inability to distinguish at operation the abnormal from the normal 
tissue. This results in a rather high incidence of recurrence. 

Therefore, a successtul removal of all of the sinus and its ramifica- 
tions, which will prevent a recurrence, involves two principles: (1) to 
determine the direction and extent preoperatively and (2) to visualize 
the tract at operation. 

The first is easily determined roentgenographically by injecting the 
sinus tract with an opaque substance. Lipiodol for these injections 
has been found to be an ideal opaque medium. Because of its fluidity, 
it penetrates the remotest parts of the sinus and gives excellent contrast. 
By means of this, the direction of the sinus tract and all of its ramifica- 
tions is visualized, This visualization gives the surgeon an idea of the 
type of incision and predetermines the extent of the necessary dissection. 
Even with the aid of the roentgenogram before him, however, the 
surgeon often fails to remove completely the sinus tract because it fre- 
quently blends with the normal tissue. 


It becomes necessary to visualize the sinus tract at operation for sue- 
cessful removal. This visualization is produced by staining with a dye 
of methylene blue. Staining the sinus tract with a solution of methylene 
blue is a procedure commonly used throughout the world, but the results 
have been anything but encouraging. This failure is due to a faulty 
technique. The usual technique is to inject the sinus at the time of the 
operation. The dye solution stains the tract blue, which should easily 
demareate it from the normal tissue; but, because the dye is injected 
at the time of the operation, the entire field becomes stained and delinea- 
tion is completely lost. This is due to the dye solution’s completely 
filling the sinus and when dissection is started pressure is exerted on 
the sinus tract, emptying the dye solution from the sinus into the wound 
and surrounding tissues. To overcome this difficulty, we have used the 
following method of staining the sinus tract, which has given us very 
satisfactory results. 


The technique as used in our clinic is as follows: Five days before 
the operation, we begin to stain the sinus tract with a solution of 
methylene blue, The sinus tract is injected under slight pressure with 
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the methylene solution daily for three days, then two days are allowed 
to elapse before the operation. This elapse of two days allows the solu- 
tion to drain off and the sinus tract to dry, which results in a deeply 
stained tract. The ‘‘drying-out’’ process prevents the solution from 
spilling into and on the wound surfaces. This method facilitates a 
thorough and complete dissection of the sinus tract. One can easily 
differentiate at all stages of the operation the stained tract from the 
unstained tissues from which it is being dissected. 

We have used this method for several years with most gratifying 
results. That the sinus tracts have been completely removed and perma- 
nent relief obtained is evinced by the absence of recurrences. 


—Mims Gage, M.D. 


New Orleans, La. 


Fr 


Recent Advances in Surgery 


CONDUCTED BY ALFRED BLALOcK, M.D. 


ACUTE ULCER OF THE DUODENUM (CURLING’S ULCER) AS 
A COMPLICATION OF BURNS; RELATION TO SEPSIS 


Report oF A CASE WitH A Stupy or 107 Cases CoLLEcTED FROM THE 
LITERATURE, 94 WirH Necropsy, 13 WirH RECOVERY ; 
EXPERIMENTAL STUDIES 


Henry N. Harkins, M.D., PuD., CHicaco, ILL. 


(From the Douglas Smith Foundation and the Department of Surgery, University 
of Chicago) 


HE occurrence of ulceration of the intestinal tract following burns 
has been recognized for one hundred years. Curling’s! compre- 
hensive report of 10 cases, including 4 of his own, in 1842 directed 
especial attention to this subject. Curling’s report concerned ulcers 
of the duodenum only and the lesion was sufficiently common for his 
own 4 eases to be seen at the London Hospital in the nineteen-month 
period beginning in September, 1840. 


HISTORICAL 


Moynihan,” 1912, stated that unquestionably the priority should go to 
Long,* 1840, whom Curling quoted. If this is true, the same applies to 
Cooper,? 1839, whom Curling also quoted and even more so to previous 
authors who are not quoted by Curling or by Moynihan either. Swan,° 
1823, reported a case with ulcers of the stomach following burns. 
Cumin’s report® in the same year, which is more frequently quoted, 
described inflammation only. Mac Farlane,’ 1833, is quoted as report- 
ing eases, yet when this article is examined in the original it is seen 
that the report of 3 cases was in the form of editorial notes to his 
paper by Johnson. Dupuytren,® 1833, reported a case of ulcers of the 
stomach and duodenum following burns and in 1839 Cooper* reported 
his 3 cases of duodenal ulcer following burns, 2 of which were later 
quoted by Curling. In 1840 Long reported 2 cases of duodenal ulcer 
following burns he saw while house surgeon at the Liverpool Infirm- 
ary. Then came Curling’s collected series in 1842 and numerous other 
case reports followed. An excellent review of the etiology of the 
so-called Curling’s ulcer was made by Pack,° 1926. Collected series of 
cases are shown in Table I. Thiele’s collection’ is the only one since 
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TABLE I 


COLLECTED SERIES OF CASES OF GASTRIC AND DUODENAL ULCER FOLLOWING BURNS 


AUTHOR YEAR NUMBER OF CASES 


Curling? 1842 10 
Holmes and Hulke1° 1883 16 
Schjerning! 1884 19 
Perry and Shaw12 1894 29 
Collin13 1894 38 
Thiele14 1919 31 


1894 and is far from complete. The lack of any complete review in 
the past forty-five years was one of the stimuli for the preparation of 
the present paper. 


FREQUENCY 


The frequency of duodenal ulcers following burns is difficult to 
estimate from statistics as several factors of error enter in. The first 
and most obvious error is that some reports are based on collected re- 
ports. Thus, the oft-quoted statistics of Holmes and Hulke,’® 1883, 
that duodenal ulcers occur in 12.8 per cent of cases following burns 
(16 out of 125 cases) is based upon the compiled records of several 
authors, including Curling,’ Long,’ and Erichsen.° Of the total, 75 
were a series of necropsied burns seen at St. George’s Hospital, 
London, of which 2 presented ulcers. This percentage of only 2.7 is 
probably much nearer the truth than the figure of 12.8 per cent. 
Other reports of collected statistics are 20 per cent (Birch-Hirsechfeld, 
cited by Kaufmann,’* 1929, who could not confirm this high figure and 
believed the true value was nearer 3 per cent) ; 6.2 per cent (Fenwick 
and Fenwick,” 1900); and 12 per cent (Erichsen, 1843). Collin,!* 
1894, found that 38 of a series of duodenal ulcers were due to burns. 
Sehjerning,’' 1884, saw no cases himself in 63 burn necropsies, but he 
collected 19 from the literature. His statistics that 19.5 per cent of 
cases dying more than forty-eight hours after burns and 12.4 per cent 
of all burn deaths develop ulcers of the duodenum were based on col- 
lected statistics and disagree with his own experience. Thiele,!* 1919, 
in a study of 248 ulcers in patients under 16 years of age (119 of the 
stomach, 185 of the duodenum; 89 boys, 98 girls) found 31 were due 
to burns. 

A second factor of error is that patients who die within the first 
few hours after a burn are usually, and rightly so, not suspected of 
having duodenal ulcers and are not necropsied. Wilks,!5 1856, pointed 
this out and Perry and Shaw,'? 1894, stated that at Guy’s Hospital ‘‘it 
has not been usual to inspect the bodies of patients dying of burns 
unless they survive the injury for several days.’’ The omission of 
such cases from the statistics is thus deceiving. On the other hand, 
while these two factors tend to make the reported percentage higher 
than the true one, a third factor may work the other way. This factor 
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is that no statistics are available as to the percentage of ulcers fol- 
lowing burns that go on to recovery. As discussed in the section on 
that subject, only within the past ten years have many such cases been 
reported and no gastrointestinal Roentgen study of a large series of 
burned patients has ever been made. 

Numerous authors with a wide necropsy experience have never seen 
duodenal uleer following burns. Thus Wilks,!* 1856, in 12 necropsies 
following burns never saw a case. He pointed out that the difference 
in frequency must be a real one as it is ‘‘as equally impossible for a 
healthy surface to be mistaken for an ulcerated one as it is for an 
ulcer to appear as a smooth healthy surface.’’ Hunter,!® 1890; 
Fayrer ;°° Falk,?! 1871; Dohrn,?? 1901 (in 9 burn necropsies) ; Reuter ;?8 
Versé Dietrich Fahr Bardeen,?* 1897, 1898 (in 5 burn necrop- 
sies); Moynihan,” 1912; Fraenkel,?> 1898 (in 34 burn necropsies in 
nine years) ; and Marehand,?° 1913 (in 47 burn necropsies) never saw 
a case of ulcer of the duodenum. The rarity of these ulcers was men- 
tioned by Brunner,?? 1903; Fenwick,?* 1897; Cutler,?® 1904; and 
Chiari,?> 1914. Ewald,®° 1912, stated that the relation between duo- 
denal ulcer and burns is very problematical. Maes,*! 1930, in report- 
ing the only case seen at the Tuoro Infirmary, stated that not a single 
case had been seen at the Charity Hospital, New Orleans, which has 
one of the largest accident services in the South. 

With these factors kept in mind, the data shown in Table II must be 
interpreted with caution. Hewett found that 3 others in his series had 


TABLE II 


PERCENTAGE OF DUODENAL AND GASTRIC ULCERATION FOLLOWING BURNS IN 
NECROPSIED CASES 


NUMBER OF PERCENTAGE 
AUTHOR DEATHS DUE gold INCIDENCE OF 
TO BURNS ULCERS 
Long,’ 1840 24 2 8.2 
Curling,t 1842 11 + 36.4 
Hewett,32 1848 17 3 ier, 
Erichsen,33_ 1895 94 2 2.1 
Simmonds,34 1898 50 2 4.0 
Gruber,35 1913 (Strassburg) 22 3 13.6 
Gruber, 1913 (Munich) 19 0 0.0 
Stewart,36 1925 115 2 i Ie 
Ronchese,37 1924 34 a 2.3 
Harris,38 1929 138 a 0.7 
Riehl,39 1930 152 5) 3.3 
Author, 1937 4 1 25.0 
Total or average 680 26 3.8 


congestion of the duodenum, and 3 who lived beyond three weeks 
showed no intestinal pathology, as did 8 who died shortly after the 
burn. Stewart’s data were based on 6,800 consecutive necropsies at 
the Leeds General Infirmary, and 57 patients of the 115 deaths from 
burns were 20 years of age or older. Ronchese’s data were based on 
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a series of 348 burns. Harris’ data were based on 567 cases of burns 
seen at the Toronto Children’s Hospital in twelve years. Brinkman,*° 
1915, studied 10,384 consecutive necropsies performed at Kiel from 
1890 to 1904 with 752 gastric ulcers, all in patients over 14 years of 
age. Five of these were due to burns. Willems and Kuhn,‘! 1936, re- 
ported 1 ulcer in a series of 1,206 burns, but as many of these were of 
very minor degree this has little statistical value. 

The average incidence of 3.8 per cent agrees fairly well with the 
conclusion of Perry and Shaw,!* 1894. These authors reported that of 
patients dying of all causes 0.4 per cent showed duodenal ulceration 
and no less than 3.3 per cent of those dying of burns exhibited this 
condition. The laws of probabilities would rule out coincidence when 
it is realized that a fair proportion of these ulcers causes death by 
hemorrhage or perforation within three weeks following the burn. If 
the incidence of 3.8 per cent of Curling’s ulcers applies to the entire 
eroup of 6,000 persons that lose their lives annually in the United 
States from burns, this would mean a total of over 200 instances of 
fatality with Curling’s ulcer per annum in this country. However, 
many of the 6,000 cases die very soon after the burn and cannot be 
included. At least, the number is probably higher than commonly 
realized. 
ETIOLOGY 

Uleers of the duodenum are of such rarity that no one author has seen 
a large series with the exception of some of the earlier writers and 
these were interpreted without the benefits of the modern viewpoint. 
The exact mechanism of formation of the ulcer is as yet unknown, but 
there are almost as many theories as observers. <A few of these will 
be listed below: 

1. Compensatory Hypertrophy of Brunner’s Glands.—Curling,' 1842, 
believed that these glands sympathized and compensated for the sup- 
pression of skin exhalation by an increased activity. This, in turn, 
led to an irritation which caused inflammation and ulceration. In sup- 
port of this theory was the finding of hypertrophy of these glands in 
occasional cases by Curling and others. Fourcault, Gluge, Gerlach, 
Dueros, Magendie, Beequerel, Breschet, and Balbiani*? believed that 
interference with skin secretions caused internal congestion. How- 
ever, many of the reported ulcers following burns occurred after burn- 
ing of only a relatively small area of skin. Fenwick and Fenwick, 
1900, believed that interference with the natural excretion of the skin, 
just as in nephritis, will give duodenitis. They performed experi- 
ments as follows: a water-alcohol extract of burn sloughs gave a 
white powder like an albumose. This, when injected subcutaneously 
in a rabbit or cat, gave an appreciable degree of duodenitis. The gaps 
between these experiments and the authors’ conclusions are difficult 
to bridge. 
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2. The Antiferments of the Mucous Cells Are Reflexly Destroyed.—- 
Cooke.** 

3. Excessive Gastric Acidity —Wilson,*! 1935, has shown by gastric 
analyses in burns of similar extent that there is no excessive gastric 


acidity. 

4. Secondary to Hypothalamic Lesion.—Wilson,** 1935, searched for 
such a lesion in one of his cases with negative results. 

5. Direct Action of Heat on Intestines—Underhill, Kapsinow, and 
Fisk,*° 1930. These authors measured the intraabdominal tempera- 
ture in rabbits experimentally burned on the abdomen. In several 
instances the intra-abdominal temperature exceeded 110° F. when the 
rectal temperature remained near normal. They stated that most of 
the macrosecopie changes characteristic of burns have been noted in 
their experimental animals. This, however, was true only when the 
heat penetrated the abdominal cavity. If the burn was remote from 
this region nothing abnormal was ever noted except for some con- 
gestion. Opposed to this theory is the observation that many Curling’s 
ulcers occur when the burn spares the abdomen. In the present series 
of 52 cases with data sufficient for analysis, in 29 cases the abdomen 
was not burned. Wilson,** 1935, stated ‘‘the suggestion that the 
direct action of heat on the viseus might produce the ulcers need not 
seriously be entertained.’’ I have performed experiments which show 
that a more protracted application of heat than oceurs in many clinical 
cases is necessary to raise the intra-abdominal temperature to the degree 
reported by Underhill, Kapsinow, and Fisk. 

6. Reflex Inhibition of Intestinal Circulation.® 

7. Inflammation —Gibbon,*® 1855. Contrary to the theory just men- 
tioned, this author believes the ulcers are due to inflammation which 
attacks the duodenum because it is one of the most vascular of organs. 

8. Spinal Refler From Burned Skin.—Brown-Séquard,** 1858. This 
author believed that if the reflex are were broken, ulcers could not occur. 
He stated: ‘‘In two cases, on animals on which the trunks of the sciatic 
and crural nerves in one limb had been divided as high as possible, I 
have not found a state of marked congestion of any viscus, three days 
after I had carbonized this limb from the toes to the middle of the 
thigh. From these experiments and the preceding, it results that it is, 
in a great measure, by a reflex action of the spinal cord, that burns 
produce their deadly influence on the viscera.’’ Burning of the hind- 
legs with lumbar cord section prevented visceral congestion likewise, 
but section at the third dorsal region did not prevent visceral conges- 
tion. This work refers to congestion rather than ulcers and all of 
Brown-Séquard’s animals were killed on the third day, long before 
most Curling ulcers in human beings develop. 
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9. An Inhibition of Gastrointestinal Circulation Results From a De- 
pressed Action of the Heart——Or it results from impaired nourishment 
of the mucous membrane (Falk,*! 1871). 

10. An Inhibition in the Force of the Circulation Results From Ac- 
cumulation of Waste Products in the Blood.—Leube.*® 

11. A Toxin Reaching the Intestinal Wall Causes a Reduction in Its 
Natural Alkalinity, Allowing Digestion of the Mucosa to Ensue.— 
Catiano,*? 1882. 

12. Irritant Action of Noxious Bile-—Mendel,°® 1870, believed that a 
pathologie modification of the bile with resultant inflammation was a 
factor. Hunter,!® 1890, attributed the ulcers to the action of noxious 
bile. The bile was supposed to give its injurious effects due to its con- 
tent of the presumptive burn toxin, secreted by the liver. This author 
produced uleers experimentally in dogs usually at least six inches 
below the pylorus by the subcutaneous injection of toluylidiamine. 
Fenwick and Fenwick,’ 1900, repeated these injection experiments 
after ligation of the common bile duct. In one instance two perforat- 
ing ulcers of the duodenum resulted which would tend to cast doubt 
on Hunter’s conclusions. 

13. Action of Burn Toxin.—This theory differs from the preceding in 
that it assumes that the toxin is carried to the intestine by the blood 
stream rather than by way of the bile. Maes,*! 1930, states: ‘‘The con- 
sensus of modern opinion regards the toxemia of burns rather than the 
circulatory disturbances as responsible for the production of the as- 
sociated duodenal ulcers.’’ Harris,®* 1929, believed that the ‘‘action 
of the toxin produces focal necrosis and hemorrhage in the duodenal 
mucosa, and that these areas are transformed into ulcers by the diges- 
tive action of the pancreatic juice.’’ Dohrn,?” 1901; Sherren,°! 1923; 
and Wells,°? 1925, also ascribed to the toxic theory. 

14. Absence of Biliary Secretion—Pack and Davis,*? 1930. This is 
quite opposite to Theory 12. These authors quote the work of various 
writers who showed that if the biliary flow is diverted from the duo- 
denum, ulcers of this structure may develop. They postulated that, 
because of the marked blood concentration attending severe burns, 
the bile may become so inspissated that it does not flow readily. 

15. Stasis Due to Blood Concentration.—Kapsinow,** 1934. This au- 
thor believed that rupture of the capillaries underlying the duodenal 
mucosa producing an inefficient oxygen supply to the tissues with 
necrosis of the mucosa was the causative factor. 

16. Stasis Due to Low Blood Volume.—The decreased blood volume 
in severely burned animals is well known.*” °® Brooks and Blalock,** 
1934, produced a low blood volume by very gradual hemorrhage and 
found in their dogs at necropsy necrosis, capillary congestion, and 
hemorrhage in the duodenum and necrosis and congestion in the 
adrenal glands. 
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17. Nervous Influences Because of Proximity to Great Sympathetic 
Plexruses.—Paget,’* 1890. 

18. ‘‘Shock’’ to the Stomach.—Sinee shock exists in burns, Hills,5° 
1881. 

19. The Action of Toxins Plus Gastric Hyperacidity Due to Shock. 
—Levin,® 1929. 

20. Stasis in a Circumscribed Zone.—Kraus,®' 1863; Klebs,*! 1869 ; 
and Jez,°! 1900, all attributed the ulcers to stasis in a circumscribed zone 
with secondary digestion. 

21. 1876. 

22. Capillary Thrombosis ——Sonnenburg,™ 1879; Leotta,™ 1904; and 
Ewald,* 1912. 

23. Hydrocyanic Acid.—Catiano,* 1882. 

24. Fat Embolism.—Salvioli,®* 1891; Merkel,® 1914. 

25. Fatty Degeneration, Similar to Lead Poisoning.—Cassanello,® 
1921. 

26. Adrenal Theory.—The experimental work of Me Laughlin,® 1933, 
on the production of graduated adrenal damage in dogs with resultant 
ulcer formation is of interest. The partial destruction of the adrenal 
glands was not sufficiently extensive to cause gross adrenal insuffi- 
ciency. In a series of 21 dogs, 17 showed definite ulceration of the 
small bowel, but in no instance was ulceration seen in the stomach. 
Three cases in the present series had adrenal hemorrhages, those of 
Harris,** 1929 (Case 78); Riehl,*® 1930 (Case 86); and Harkins, 1937 
(Case 94). Since some of these had focal lesions in so many organs, 
it is difficult to state that one is cause and the other effect. The absence 
of reported adrenal damage in the other 91 cases of duodenal ulcer 
following burns indicates that the relation may be concomitant rather 
than causal. Furthermore, several instances’ of adrenal change fol- 
lowing burns without associated Curling’s uleer have been reported. 

27. Embolic Theory.—Billroth,®* 1867, was one of the first to at- 
tribute the ulcers to an embolic process. He believed that the infarcted 
area sloughed away. Fenwick and Fenwick, 1900, in opposition to 
the embolic theory, point out that emboli do not generally attack the 
stomach and duodenum and, if they do, embolism of the duodenum 
never occurs without embolism of the stomach. They also state that 
in no case was the obstructed vessel ever found. Case 53 of the present 
series is an exception to this last statement. Ponfick,®* 1876, also dis- 
eussed the relation of these ulcers to infarction. Broadbent,®® 1908, 
stated, concerning these ulcers, that ‘‘the most plausible [explanation] 
would seem to be that the congested condition of the intestines is the 
predisposing, and septic embolism or thrombosis of a small vessel fol- 
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lowed by. digestion of the necrotic area the determining cause.’”’ 
Stengel,”? 1926, reported that recent studies tended to support the 
theory of embolism with secondary digestion. 


Erichsen,** 1895, opposed the idea of Curling that the ulceration 
begins in Brunner’s glands and stated: ‘‘It is far more probable that 
it is due to the acid contents of the intestine acting on a point in the 
mucous membrane in which a capillary embolism has lodged.’’ He 
pointed out that in favor of this view are the facts that the ulceration 
occurs at the time the burned area is sloughing; that the ulceration 
is at the beginning of the duodenum, ‘‘before the contents of the 
bowel have been neutralized by the bile’’; that acute inflammation in 
the region of the ulcer is usually not present; and that similar ulcera- 
tion has been reported in cases of septicemia not caused by a burn. 
Moynihan,” 1912, noted that the ulcers usually occurred when the 
burned area was undergoing septic changes and believed that septic 
emboli were the cause. 

28. Septic Theory.—The frequent association of infection in the 
burned area with subsequent development of a duodenal ulcer has been 
repeatedly noted. That such an infection may act by way of an 
embolic phenomenon has just been discussed. It may also act by 
means of toxin production which acts directly upon the duodenum. 
Such a toxin also could act conceivably upon the adrenals, this in 
turn producing the duodenal changes; or the adrenal changes may be 
purely concomitant. The recent reports of Aldrich, and others” on 
the importance of infection in the morbidity and mortality following 
burns are quite apt in this connection. Billroth,®® 1867, was one of 
the first to notice the connection between sepsis following thermal 
injuries and duodenal ulcers. 

The ease of Greenwood, 1880, is frequently quoted as an instance 
of Curling’s uleer, but it is really more an example of ulcer secondary 
to sepsis. A man, aged 40 years, had an amputation for an infected 
carcinoma of the penis. Secondary hemorrhage developed in the 
sloughing wound that resulted. Hot water was used to stop the hem- 
orrhage, with resultant blistering. The wound remained infected; the 
temperature was 105.8° F.; the pulse, 148; and the patient died in 
four days with the finding of a perforated uleer of the duodenum. 

The frequency of duodenal ulcer following burns of the abdominal 
wall has been explained by Stallard and Borman“ as due to the pas- 
sage of septic emboli from the burned surface, by way of the vascular 
or lymphatie channels in the ligamentum teres, to produce infaretion 
in the duodenal wall. This theory only explains those cases where the 
abdominal wall is burned and, as mentioned in the discussion of theory 
5, an abdominal wall burn is not invariably found in the cases of 
duodenal uleer secondary to burns. 
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Melchior,” 1911, calls them septic ulcers and quotes Simmonds as 
noting a decreased frequency in the postantiseptic era. Hertz and 
Digby,’® 1913, say: ‘‘It seems that in recent years the frequency of 
the association [of duodenal ulcer with burns] has diminished, pos- 
sibly owing to the improved treatment of burns resulting in the less 
frequent occurrence of septic infection.”’ 

Stewart,*® 1923, in discussing acute peptic ulcer says that one-half 
of them were due to sepsis and states that ‘‘bacterial infection and 
intoxication is, however, undoubtedly the most important direct cause 
of acute gastric and duodenal ulcer.’’ He goes on to say that ulcer 
following burns was less frequent than formerly, ‘‘possibly because 
burns became more frequently septic.’’ Several other authors have 
noted the occurrence of duodenal ulcer in other types of sepsis. 
Singer,’ 1921, had 2 cases following sepsis, 8 of Rosenbach’s,’* 1912; 
30 ulcers were associated with some infective process, and Collin," 
1894, mentions several cases of duodenal ulcer secondary to sepsis. 


Held,”® 1923, also attributed these ulcers to sepsis and Wilson,** 
1935, stated that severe infection of a large area of deeply burned 
tissue is a common association with Curling’s ulcer. One of the most 
extensive reports favoring the septic theory is that of Perry and 
Shaw,!* 1894. These authors collected 18 cases of duodenal ulcer asso- 
ciated with sepsis from the Guy’s Hospital records and 3 from other 
sources. The Guy’s cases gave a ratio of 18 septic ulcers to 52 from 
all causes and ‘‘duodenal ulceration is associated with septic condi- 
tions nearly as frequently as it is with burns. With regard to the origin 
of the septic processes in the twenty-one cases here collected, it is 
interesting to note that in ten of them there was some sloughing con- 
dition of the skin or cellular tissue. Two had sloughing bedsores, one 
a sloughing leg, three cellulitis, one sloughing of the scrotum, two 
gangrene, and one a carbunele. .. . It is much easier to establish the 
existence of some relationship between septic absorption and duodenal 
ulceration than to explain the exact nature of the association. It is, 
however, a matter of common observation that in all septic processes 
petechiae are found widely scattered beneath serous and mucous mem- 
branes in the alimentary canal as well as elsewhere. It is, we think, 
to such extravasations of blood in the duodenal mucous membrane, 
together with the solvent action of the gastric juice, that we must look 
for an explanation of the ulceration. ... The mode of production of 
ulcers associated with burns seems to us to be identical with that of 
septic ulcers, and in nearly every case it is highly probable that the 
septic condition of the burnt surface is indeed the direct cause of the 
duodenal uleer. As bearing upon this point we find that during the 
fifty years in which 149 cases of burns were inspected at Guy’s, 597 
cases were inspected which presented some obviously septic or pyaemic 
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condition. Whilst in the burn group five instances of duodenal ulcera- 
tion were met with, in the septic group there were sixteen such cases, 
the former giving a proportion of 1 to 30, the latter of 1 to 37 approxi- 
mately. It is not asserted that the ulceration of the duodenum is 
directly caused in every case by the septic condition of the burns, but 
we think our numbers afford strong presumptive evidence of the gen- 
eral accuracy of this hypothesis. Burns are indeed, particularly liable 
to lead to sloughing of large tracts of skin.’’ In many of their col- 
lected cases such sloughing was specifically mentioned as being present. 
Finally, in the present series in 24 instances mention was made of 
septic change in the burned area or of septic complications elsewhere. 

Paget,°*® 1890, was an opponent of the septic theory. He stated: 
‘In only one instance (P. Hewett) is it recorded that the raw surface 
of the burn took on an unhealthy action at the time when symptoms 
of duodenal ulceration were first observed. ... Not one case showed 
true pyaemic abscesses elsewhere: nor, in most of the cases, is there 
record of marked signs during life of pyaemia or septicaemia.’’ These 
statements are based on an incomplete study of the literature before 
this time as several of the present series of collected cases reported 
before Paget’s article showed marked evidence of sepsis (Cases 29 
and 31). Furthermore, all 3 of Hewett’s cases*? showed marked evi- 
dence of sloughing and in 1 the burn was so deep the tracheal rings 
were exposed. 


REPORTED CASES 


In the following 94 ease abstracts all of the reported instances of 
duodenal or gastric ulcer following burns found in the literature are 
reviewed. In each abstract, if any of the following facts are not men- 
tioned, data were not given concerning them in the original reports. 

Age.—Average in 74 cases with data given on this point, 14.6 years. 

Ser.—In 65 cases with data given, 47 females and 18 males. 

Degree of Burn.—Third degree, 38 cases; second degree, 2 cases; first 
degree, 1 case. 

Area Involved.—Abdomen burned in 23 of 52 eases. 

Melena.—Present in 16 of 23 eases. 

Vomiting.—Present in 26 of 31 cases. 

Hematemesis.—Present in 13 of 22 cases. 

Length of Life After Burn.—Average, 15.4 days in 68 eases. 

Sudden Onset of Symptoms.—Present in 19 of 44 eases. 

Location of Ulcers——Duodenum alone, 71; stomach alone, 16; both 
duodenum and stomach, 5. 

Number of Ulcers——Single, 57 times; multiple, 34 times. 

Perforation.—Present in 14 of 49 eases. 

Hemorrhage.—Present in 27 of 42 eases. 
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Sepsis —Present in 24 of 24 cases. 
Pancreas Exposed.—In 18 of 38 cases. 
Pancreaticoduodenal Artery Eroded.—In 13 of 36 cases. 


CasE 1.—Swan,> 1823: <A boy, aged 5 years, was burned, including part of the 
epigastrium. He received oil treatment, vomited, and died in forty-eight hours. 
‘*On opening the abdomen, every part appeared sound except the stomach in the 
villous coat of which were several spots and stripes like sloughs, extending deep, 
and quite black.’’ 


Case 2.—Dupuytren,8 1833: A woman, aged 27 years, died thirty-six hours 
after a burn. In the stomach and near the pylorus were numerous small ulcera- 
tions. 


CASE 3.—Johnson,? 1833: ‘‘The majority of those whom we have seen die, at any 
distance of time after the infliction of the burn, have certainly sunk from ulceration 
of the intestinal mucous membrane. We lately saw a remarkable instance of per- 
foration of the stomach, in consequence of an ulcer which began in its mucous 
coat.’’ Hematemesis and melena occurred before sudden death between the second 
and third week. At necropsy, ulcers were present in the stomach, 1 of which had 
perforated, and in the terminal ileum. 


Case 4.—Johnson,? 1833: ‘‘In another case of death after burn we saw similar 
ulcerations of the stomach, unattended with perforation. ’’ 


Case 5.—Johnson,? 1833: <A girl died ten to fourteen days after a burn with 
extensive ulcerations of the mucous membrane of the stomach and intestines. 


Case 6.—Cooper,t 1839: Mary W., aged 3 years, was admitted to the University 
College Hospital with extensive burns of the abdomen, chest, arms, and occiput. 
Flour dressings were applied. Vomiting occurred throughout the course, at first 
of dark brown material and then of blood the day before death on the fifth day with 
convulsions. A large perforating ulcer of the duodenum with peritonitis and blood 
in both intestines and peritoneal cavity were found. There were three smaller ad- 
ditional ulcers in the duodenum. 


Case 7.—Cooper,4 1839: Hannah L., aged 8 years, was admitted to University 
College Hospital five weeks after being scalded on the chest, and died two days later. 
Three weeks after the burn she began to pass blood from the rectum. At necropsy 
there was a 2 em. ulcer in the duodenum with its base formed by the pancreas. 
There was considerable blood in the intestines. The original burn of this patient was 
treated with flour. 


CasE 8.—Cooper,4 1839: Girl, aged 9 years, died four weeks after a burn that 
did not involve the abdomen. At necropsy an ulcer of the stomach, nearly cicatrized, 
was found. 


Case 9.—Long,3 1840: Ann. J., aged 28 years, with deep and extensive burns, 
vomited every day, had tenderness in the epigastrium and died on the eighth day. 
A perforated ulcer of the superior angle of the duodenum, 2 cm. in diameter, tam- 
ponaded by the gall bladder and without peritonitis, and two or three smaller 
duodenal ulcers were found at necropsy. 


CasE 10.—Long,? 1840: Helena B., aged 14 years, complained of pain in the 
epigastric region ten days after a burn on the nates, neck, and arms. On the twelfth 
day she died, eleven hours after the onset of symptoms of acute peritonitis. Necropsy 
revealed intense peritonitis and a perforating ulcer in the duodenum near the 
pylorus. 
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Case 11.—Curling,1 1842: M. A. F., girl, aged 11 years, had a profuse he- 
matemesis the eighteenth day after a deep third degree burn of the chest and arms, 
Repeated hematemeses and some melena were followed by death in fifteen more hours. 
Necropsy revealed blood in the stomach and intestines and a half inch diametered 
ulcer of the duodenum an inch from the pylorus. The base of the ulcer was formed 
by the pancreas and the open mouth of a large vessel was seen. 


CASE 12.—Curling,! 1842: A male child, aged 4 years, had extensive burns on 
the neck, chest, and arms. Thirteen days later he had pain in the abdomen and 
vomited one-half pint of blood. Melena occurred until death the fourteenth day in 
convulsions, Necropsy revealed blood in the stomach and intestines and a solitary 
ulcer 2 cm. in diameter in the posterior part of the duodenum. The base was formed 
by the pancreas and the ends of an eroded blood vessel were seen. Perforation into 
the peritoneal cavity had almost occurred. 


CAsE 13.—Curling,1 1842: <A girl, aged 8 years, died shortly after passing blood 
by stool ten days after extensive third degree burns. At necropsy an ulcer in the 
duodenum was found, 1 by % inch in size, reaching to within %4 inch of the pylorus 
with its base formed by the pancreas and the eroded pancreaticoduodenal artery 
visible. It had almost perforated into the peritoneal cavity. 


CasE 14.—Curling,! 1842: A boy, aged 314 years died the eleventh day after 
extensive third degree burns. The stomach and duodenum only were examined. 
There was a duodenal ulcer an inch from the pylorus that had penetrated to but 
not through the serosa. 


Case 15.—Stanley,8° 1842: <A girl, aged 10 years, after getting along well fol- 
lowing a burn was seized with extreme pain in the abdomen, vomiting and collapse 
on the fourteenth day, and died the next morning. At necropsy two large and 


several small ulcers of the duodenum were found. One of the large ulcers was 
tamponaded by the pancreas and the other had perforated into the general peritoneal 
cavity. The smaller ulcers involved the mucous membrane only. 


CASE 16.—Lee,8° 1842: Sarah T., aged 19 years, was burned on the thighs and 
shoulders. Death occurred the tenth day with melena and bloody vomitus the day 
before death. At necropsy a large clot was found in the duodenum with a single 
duodenal ulcer perforating into the peritoneal cavity. The perforation was closed 
off with fibrin. The rest of the intestines showed congestion. . 


CASE 17.—Lee,8° 1842: Duodenal ulcer following a burn. 


Case 18.—Erichsen,15 1844: H. L., female, aged 8 years, died the tenth day 
after a chest scald, and at necropsy a duodenal ulcer the size of a shilling was found. 


CasE 19.—Erichsen,15 1844: Female, aged 9 years, with a burn on the chest died 
on the thirtieth day. At necropsy an ulcer of the stomach that was nearly cicatrized 
was found. 


Case 20.—Erichsen,15 1844: Female, aged 5 years, burn on abdomen, death on 
eighth day, ulcer in duodenum an inch below pylorus found at necropsy. 


CasE 21.—Erichsen,15 1844: Female, aged 9 years, burn on chest, death fourth 
day, duodenal ulcer found at necropsy. 


CASE 22.—Jaksch,81 1844: Author has seen 2 cases of duodenal ulcer after severe 
burns that had all the signs of perforated gastric ulcer. 

Case 23.—Jaksch,8! 1844:  Author’s other case of duodenal ulcer with perfora- 
tion following burn. 


CAsE 24.—Luke,82 1844: Emily W., aged 15 years, received third degree burns 
of the chest, upper part of the back, neck, and left arm. There was considerable 
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fever for five days and pain of intermittent character in the epigastrium during the 
week before death on the fourteenth day. Twelve hours before death she vomited 
black blood and passed considerable tarry stool. A 2 em. diametered ulcer in the 
duodenum 1 em. from the pylorus exposed the pancreas and the open mouth of a large 
vessel. The ulcer showed beginning healing. 


CASE 25.—Hewett,32 1848: 8S. C., female, aged 66 years, received third degree 
burns of the neck, back of trunk, arms, and right leg. The burned areas developed 
sloughs and the patient went into a ‘‘typhoid’’ state and died after seventeen days. 
There were no abdominal symptoms. At necropsy two ulcers of the duodenum 
were found. These went down to and exposed the muscle fibers. The larger ulcer 
was within ™% inch of the pylorus and was 144 by % inches in size. 


CasE 26.—Hewett,?2 1848: L. T., female, aged 6 years, received burns, partly 
third degree, of the face, neck, chest, and arms. Sloughing later exposed rings of the 
trachea. Diarrhea began the twelfth day, death occurred the twentieth. No melena 
or abdominal pain at any time. An ulcer was found in the first part of the duodenum 
extending down to the peritoneum over the pancreas but with no perforation. 


Case 27.—Hewett,?2 1848: A girl, aged 6 years, was severely burned on the 
chest, neck, back, and left arm. There were febrile symptoms for a few days, but 
later she did well. On the fifty-seventh day the wounds began to slough and she 
had profuse sweats. She vomited from the seventy-second day until the time of death 
on the seventy-fifth day. There had been no pain in the abdomen or melena, Autopsy 
revealed nephritis and three ulcers in the first part of the duodenum. The two largest 
laid bare the muscular coat; the other was more superficial. 


CASE 28.—Hawkins,83 1850: <A child, aged 6 years, received burns of the arms, 
upper part of the body and face; and after being seemingly in a convalescent 
state died suddenly 4%4 days after the burn. There was no melena or hematemesis. 
Necropsy revealed much blood in the bowel and an ulcer 3 by 2 cm. in the duodenum 
exposing the pancreas and an eroded branch of the pancreaticoduodenal artery. 


CasE 29.—Gibbon,46 1855: G. C., male, aged 45 years, a candlemaker, fell into a 
large cistern of boiling water and scalded the lower half of his body and his hands 
and forearms. Blisters formed over the entire area and a zine dressing was applied. 
In a week bread poultices were used because of sloughing. On the eighteenth day 
diarrhea and rigidity of the abdomen began. On the last three days of life before 
death on the sixteenth day there was fecal vomiting. Necropsy of the duodenum 
only revealed a very vascular mucous membrane with numerous small ulcers and 
two larger ones just above the ampulla extending into the muscularis only. 


Case 30.—O’Sullivan,84 1864: M. B., female, aged twenty-eight years, received 
fifth degree (Dupuytren classification) burns of the face, neck, chest, arms, and right 
hypochondriac region. She vomited often and died on the eleventh day. Two large 
ulcers were found in the duodenum adjacent to the pancreas. 


CASE 31.—Curling,$5 1866: E. R., a girl, aged 7 years, received a third degree 
burn over the left thigh and greater part of the abdomen. There occurred con- 
siderable sloughing of the burned area. The stools were bloody beginning the sixth 
day. Death occurred the eighth day and the patient cried out suddenly five hours 
before death. An ulcer was present in the duodenum 1 by % inch beginning 1% inch 
from the pylorus. The pancreas formed part of the base of the ulcer and the 
pancreaticoduodenal artery was exposed, a clot lying in the opening of the vessel. 
An opening was present into the free peritoneal cavity, but there was no peritonitis. 
It was thought that this opening probably occurred when the patient cried out in 
pain. 
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CASE 52.—Clark,8¢ 1867: <A girl, aged 10 years, with extensive scalds did well 
for fourteen days after which she began to complain of abdominal pain. This 
continued until the seventeenth day when signs of peritonitis set in and she died 
the eighteenth day. At necropsy a perforated ulcer of the duodenum near the pylorus 
was found 


CASE 53.—Cuthbertson,87 1867: G. W., a boy, aged 10 years, was burned on the 
legs and arms only. He was treated with carron oil and nineteen days after the 
burn developed tenderness in the epigastrium, hematemesis, and melena; and he died 
within thirteen hours. In the duodenum were two ulcers, one on the anterior surface 
an inch from the pylorus and 1 by % inch in size with perforation and a smaller 
ulcer on the posterior surface. Death was attributed to hemorrhage. 


CASE 34,—Cuthbertson,8? 1867: Cites case of a girl who died six weeks after a 
burn with a duodenal ulcer that was already beginning to cicatrize. 


CASE 35.—Me Carthy,88 1874: <A. B., a girl, aged 7 years, received severe burns 
of the chest and upper part of the abdomen. On the fifth day she suddenly vomited 
a large quantity of blood. Melena ensued and she died on the eighth day. Two 
ulcers in the duodenum, with the pancreas forming the base of each, were present, 
one near the pylorus and one near the biliary papilla. 


CASE 56.—Me Carthy,88 1874: Duodenal ulcer following burn. 


CASE 37.—Stokes,89 1876: A boy, aged 18 years, fell into a fire during an 
epileptic fit and sustained fourth degree burns of the body, including the upper ab- 
domen. He felt well and had an appetite until the seventeenth day when he had a 
severe hematemesis. He collapsed and died on the eighteenth day. A large oval 
ulcer in the stomach far from the pylorus, two small ulcers of the pylorus, and a 
large oval perforating ulcer of the duodenum were found. No peritonitis was pres- 
ent. 


Case 38.—Ponfick,62 1876: F., a man, aged 18 years, fell into hot water up to 
his neck for two minutes and died within eighteen hours. At necropsy small ulcers 
were found in the stomach and one in the duodenum, There was congestion and 
hemorrhage into the wall of the small and large intestines. 


CasSE 39.—Smith,9° 1876: A patient died after a burn, and at necropsy three 
ulcers were found perforating all layers of the duodenum. No blood was found in 
the intestine and there was no peritonitis. 


CasE 40.—Hills,59 1881: E. G., an epileptic girl, aged 18 years, who had pre- 
viously been burned at the age of 5 years, was now scalded (fourth degree Du- 
puytren) on the nates, thighs, and feet. Vomiting occurred the second day and she 
died in eighty-three hours. A nonperforating, nonbleeding ulcer the size of a 
shilling two inches below the pylorus in the duodenum had exposed the pancreas. 
The ulcer was not believed to be the cause of death. 


Case 41.—Halla,91 1884: 


Duodenal ulcer following a burn. 


CASE 42.—Welti,92 1889: K. R., male, aged 22 years, earlier in year had a 
burn on the right elbow region with resultant contracture. On April 18 he had a 
new burn from fireworks’ explosion. Olive oil therapy was applied to a second 
(slight third) degree burn of the face, shoulders, and back. Two days later there 
was blood and albumin in the urine and a fever of 40° C. The fourteenth day 
after the burn there was still fever and the patient vomited twice. The fifteenth 
day he died. In a group on the lesser curvature of the stomach 7.5 em. from the 
pylorus were six ulcers; the largest was 1 em. in diameter. The duodenum was 
normal. 
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CASE 43.—Perry and Shaw,!2 1894: Marion C., aged 13 years, received a third 
degree burn of the neck, back, buttocks, and left thigh. On admission to Guy’s Hos- 
pital the fifth day, she was delirious, had a high fever, and vomited occasionally. 
The burn was sloughy and part of the skin hung in shreds, exposing the fat beneath. 
She died of tetanus the thirteenth day. At necropsy an ulcer one-third inch in 
diameter just beyond the pyloric ring was found. The mucous membranes of the 
stomach and duodenum were injected. 


Case 44.—Perry and Shaw,!2 1894: Herbert E., aged 4 years, received severe 
burns upon the lower extremities and buttocks. He did well for sixteen days, after 
which melena occurred which proved fatal on the nineteenth day. At necropsy a 
duodenal ulcer, 4% inch from the pylorus, about 14% inches long, with its base 
formed by the pancreas in which was the eroded superior pancreaticoduodenal 
artery, was found. There was much blood in the intestines. 


Case 45.—Perry and Shaw,!2 1894: <A child was admitted to Guy’s Hospital 
because of burns of the upper half of the body in 1847. He was well until the 
twenty-fifth day when he became comatose. Death occurred the next day. Marked 
suppuration of the burned areas on the chest and neck with exposure of the oc- 
cipital bone, antemortem thrombi in cerebral sinuses, and in the duodenum 1 em. 
from the pylorus was a small circular ulcer going to, but not through, the serosa. 


Case 46.—Perry and Shaw,!2 1894: William J., aged 4 years, died fifteen days 
after a burn. In the duodenum was a superficial ulcer 144 cm. in diameter situated 2 
em. from the pylorus. 


CASE 47.—Perry and Shaw,!2 1894: William T., aged 42 years, received an ex- 
tensive scald of the extremities, face, and abdomen from a boiler explosion from 
which he died thirteen days later. Two small ulcers were found in the duodenum, 


Case 48.—Perry and Shaw,!2 1894: A female child, aged 4 years, was scalded 
on the face, neck, chest, and arms. Melena occurred the fourth day. ‘‘In some places 
the skin was ulcerated, and the ulcers did not present a healthy aspect.’* Thirteen 
days after the burn she began to vomit everything she took and passed blood by 
the bowels, and two days later she died. Necropsy revealed several small ulcers 
in the upper part of the duodenum and one large ulcer on the lesser curvature. 
The source of the hemorrhage was not discovered. 


CasE 49.—Perry and Shaw,!2 1894: <A boy, aged 7 years, was admitted to the 
London Hospital for extensive burns on the front and back of the body, the burns 
being so deep that when the sloughs separated the muscles were laid bare. Death oe- 
curred in four weeks, the patient having had no intestinal symptoms, Two ulcers, 
one just beyond the pylorus with penetration to the peritoneum and a smaller shal- 
lower one in the duodenum 3 em. distally, were present. 


Case 50.—Perry and Shaw,12 1894: Female, aged 70 years, died on tenth day 
after a burn. An ulcer was present in the duodenum just distal to the pylorus, 
with its base formed by the muscular coat. A second superficial ulcer was present 
in the stomach, 
Case 51.—Fenwick,28 1897: <A girl, aged 12 years, died seven days after severe 
burns of the arms and legs. A 2 em. diametered ulcer of recent formation was 
present in the center of the lesser curvature of the stomach. The rest of the 
stomach and the duodenum were congested. 


Case 52.—Fenwick,28 1897: London Hospital specimen of duodenum with several 
small uleers following burns. 


Case 53.—Simmonds,34 1898: <A girl, aged 4 years, died eleven days after a 
burn of the upper portion of the body. There were several small ulcers and one 
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large ulcer in the duodenum. The latter had exposed the pancreas and eroded a 
small vessel with extensive bleeding. The ulcer appeared to be acute. Micro- 
scopically, at the edge of the ulcers, were numerous small vessels filled with hyaline 
thrombi. 


CASE 54.—Simmonds,34 1898: 


Duodenal ulcer following a burn in an adult. 


CASE 55.—Fenwick and Fenwick,!7 1900: London Hospital specimen with two 
ulcers in the stomach and one in the dvodenum following burns. 


CASE 56.—Weidenfeld and Zumbusch,®? 1905: A patient, aged 36 years, who was 
burned (second degree over one-third of the body surface and third degree over one- 
sixth) was treated daily with 4 liters of saline infusion. Death occurred the 
fourteenth day and at necropsy a bleeding ulcer of the stomach was found. 


Case 57.—Rosenbach,78 1912: <A girl, aged 4 years, with third degree burns of 
the arms, breast, and face, died on the eleventh day. Necropsy revealed multiple 
duodenal ulcers with exposure of the pancreas, erosion of an artery, and associated 
blood in the intestines and parenchymatous nephritis. 


CASE 58.—Rosenbach,?8 1912: A boy, aged 4 years, with burns including the 
crotch and genitalia, died on the sixth day, and at necropsy a single large ulcer was 
found in the duodenum near the pylorus. 


CasE 59.—Moynihan,? 1912: Eliz. J., aged 5 years, following a burn involving 
the face, neck, and arms, had pain in the abdomen but no vomiting or purging. 
After death on the fifth day, a large oval ulcer of the duodenum just beyond the 
pylorus 14% by % inches with a branch of the pancreaticoduodenal artery laid bare 
in its base was found. Blood was found in the intestines and there was a second ulcer 
near the main one. 


Case 60.—Gruber,35 1913: A man, aged 27 years, died six days after third 
degree burns, and at necropsy several very small peptic ulcers were found in the 
duodenum, 


Case 61.—Gruber,35 1913: <A girl, aged 5144 years, died after second degree 
burns and at necropsy two large 44 em. peptic ulcers of the mucosa of the duodenum 
just distal to the pylorus were found. 


CasE 62.—Gruber,35 1915: <A girl, aged 4 years, died after second degree burns 
and at necropsy a 1 cm. diametered, sharp bordered peptic ulcer of the duodenum 
was found. 


CasE 63.—Gruber,35 1913: At necropsy of a girl, aged 15 years, after a burn, 
numerous gastric ulcers were found. 


CASE 64.—Busse,94 1914: <A girl, aged 15 years, was burned on the upper part 
of the body. The fever rose to 39.8° C. and she died in six days. At necropsy 
ulcers were found in the region of the cardia. Two ulcers were present in the 
duodenum 4 em. below the pylorus and a third smaller ulcer was present on the op- 
posite side of the duodenum like a kissing-ulcer. 


CASES 65-69.—Brinkman,4? 1915: Five cases of ulcer of the stomach following 
burns, 


CasE 70.—Ashby,95 1917: A female, aged 11 weeks, who was burned on parts 
of the body other than the abdomen, was treated with flour and oil. When seen 
two days later there was already considerable pus, vomiting, temperature of 103.4° F., 
and a pulse of 148. The eleventh day there were tarry stools; on the thirteenth 
day a right panophthalmitis was diagnosed; and on the seventeenth day the patient 
died. An ulcer 1.3 em. in diameter with no perforation and no visible vessel eroded 
to account for the hemorrhage was found at necropsy. 
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Case 71.—Mayer,* 1919: A girl, aged 644 years, had hematemesis and died after 
«a burn. A single duodenal ulcer exposing the pancreas and eroding the pancre- 


aticoduodenal artery was found at necropsy. 
Case 72.—Singer,77 1921: Duodenal ulcer following burn found at necropsy. 
Case 73.—Singer,77 1921: Duodenal ulcer following burn found at necropsy. 


Case 74.—Stewart,36 1923: A child, aged 5 years, died thirty-three days after 
extensive burns of the trunk and limbs and at necropsy a small acute ulcer was 
found in the pyloric region of the stomach. 


CasE 75.—Stewart,36 1923: A man, aged 50 years, died thirteen days after very 
extensive burns of the trunk and limbs and at necropsy multiple acute ulcers were 
found in the duodenum. 


Case 76.—Ronchese,37 1924: F. F., a governess, aged 23 years, received third 
degree burns (some second degree on upper abdomen) from an alcohol lamp. . Hem- 
orrhage occurred from the bowel on the twelfth and fourteenth days, the latter 
being fatal. Necropsy revealed congestion of the small intestines and a recent 
ulcer in the descending part of the duodenum. 


CasE 77.—Novak,97 1925: A woman, aged 20 years, with third degree burns 
of the legs, arms, and left breast, was treated with picric acid. During the eleven 
days of life, there was fever to 103° the last eight days and vomiting, diminished 
urine secretion, but no melena. She became comatose before death and a diagnosis 
of uremia was made. Necropsy revealed about forty small ulcers of the stomach, 
all within 3 inches of the pylorus. These penetrated to the submucosa and were 
surrounded by small round cells. 


CASE 78.—Harris,?8 1929: E. H., female, aged 314 years, received second and 
third degree scalds of the back from the angles of the scapulae to the popliteal 
spaces. Tannic acid solution was applied locally and a blood transfusion given to 
combat surgical shock. The temperature was 102° the second day and she vomited. 
The third day she vomited blood and died forty-eight hours after the burn. 
Marked hemorrhage into the left suprarenal and a shallow duodenal ulcer 0.5 em. 
below the pylorus and measuring 1 by 0.5 em. with a blood clot in its base were 
found at necropsy. 


CAsE 79.—Levin,6®° 1929: A negro child, female, aged 4 years, had severe 
shock following scalds of the arms, neck, chest, abdomen, back, and left leg. 
The second day the temperature rose to 102° F. and varied from 99° to 102° until 
death on the tenth day. At necropsy the wounds were found to be septic. A per- 
forated ulcer of the anterior surface of the first portion of the duodenum was pres- 
ent. There were no intestinal contents in the peritoneal cavity and death was at- 
tributed to bronchopneumonia. 


CasE 80.—Levin,6° 1929: Necropsy of a child who died of burns revealed a 
duodenal ulcer, 


CASE 81.—Maes,3! 1930: A white boy aged 11 years, received first degree burns 
of both legs and thighs. The second day the temperature was 100.8° F. and the 
pulse 160 and he vomited. He improved until the seventh day when hematemesis 
and melena occurred with anemia. The eighth day melena was marked; the blood 
pressure fell to 88/0; and the abdomen became tender and distended. Despite two 
blood transfusions, marked blood appeared in stools and death occurred on ninth 
day. Necropsy: Acute splenitis, acute glomerulonephritis, ileum fuli of blood, 8 mm. 
diametered ulcer in duodenum at junction of first and second portions about to per- 
forate, larger superficial ulcer on opposing surface. Death from hemorrhage, 
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CASE 82.—Riehl,39 1930: KK. M., boy, aged 6 years, received third degree burns 
of the extremities. On the second day his temperature went to 40° C.; the sixth 
day he vomited blood and on the eighth day he died. Necropsy revealed edema of the 
brain and clotted blood in the intestines. Two centimeters below the pylorus was a 
1.3 em. diametered ulcer, in the base of which was an open artery with a clot in 
the stump of it. 


Case 83.—Riehl,39 1930: W. N., boy, aged 18 months, received second and 
third degree burns of the face, arms, and chest covering 6 to 7 per cent of the body 
surface. Temperature rose to 40° C. after the second day. There was no emesis. 
Death occurred on the eleventh day. Necropsy revealed bronchopneumonia, par- 
enchymatous degeneration of organs, clotted blood in the stomach and duodenum, and 
an ulcer in the posterior wall of the duodenum with the pancreas forming its base. 


CASE 84.—Riehl,*9 1930: G. E., schoolgirl, aged 7 years, received severe third 
degree burns on the trunk including the abdomen, arms and legs, involving 25 per 
cent of the body surface. She was given a blood transfusion the same day. <A high 
fever was present after the second day. On the fourth day she vomited; the fifth 
day she had dark stools followed by bright fluid blood and she died the eighth day. 
Necropsy revealed considerable blood in the intestines and a single ulcer on the pos- 
terior wall of the duodenum adjacent to the pylorus with an eroded artery in the 
crater of the ulcer. 


CASE 85.—Riehl,39 1930: F. H., a woman, aged 49 years, attempted to commit 
suicide by burning herself with oil. Fully one-third of the body surface, including 
the abdomen and genitalia, was burned. A blood transfusion was given on admission 
and, despite an absence of vomiting or other gastrointestinal symptoms, she died on 
the ninth day. Necropsy revealed two ulcers on the lesser curvature of the stomach. 
A cicatrization was present in the duodenum just beyond the pylorus. The gastric 
ulcers were definitely fresh. 


Case 86.—Riehl,39 1930: M. Sp., a woman, aged 49 years, received burns of about 
18 per cent of the body surface on the head, upper trunk, and arms. Blood trans- 
fusion of 400 ¢.c. was given on day of admission. There was considerable vomiting. 
On the third day erysipelas developed in the incision used to expose the saphenous 
vein for transfusion. High temperature and death occurred on the fifth day. Ne- 
cropsy revealed two fresh duodenal ulcers near the pylorus about 3 by 2 em. There 
were multiple hemorrhages in the adrenals. 


Case 87.—Laird and Wilkerson,98 1931: <A colored girl, aged 5 years, received 
tannic acid treatment for burns of the entire anterior portion of the body. She 
became suddenly worse and died seventeen days later. At necropsy a duodenal 
uleer 2 em. in diameter was found, exposing the pancreas and associated with 
hemorrhagic areas throughout the intestines, blood in the stomach and intestines, 
nephritis, and acute follicular splenitis. 


Case 88.—Wilson,44 1935: Patient, aged 17 months, had very deep and very 
extensive burn with infection by Streptococcus hemolyticus. The patient died on the 
eleventh day and at necropsy a duodenal ulcer was found. 


CASE 89.—Wilson,44 1935: Patient, aged 16 years, had very deep and very 
extensive burn with infection by Streptococcus hemolyticus, The patient died on the 
twelfth day and at necropsy a duodenal ulcer was found. 


CASE 90.—Willems and WKulhn,41 1936: Duodenal uleer after burn verified at 
necropsy. 


CASE 91.—Lee, W. E.,99 1937: Duodenal ulcer following burn, 


625 
he 
ai 


626 SURGERY 


Case 92.—Glover,!0 1937: Child with duodenal ulcer following burn found ¢ 
necropsy. 

CASE 938.—Glover,19° 1957: Child with duodenal ulcer following burn found 
necropsy. 

Case 94.—Author’s case,101 1937: D. Me., girl, aged + years, previously well, 
took a slide down the back of a bathtub into hot water with her clothes on. The 
mother applied lard and soda to the burned areas and brought her to the hospital 
within an hour. The child had first and second degree burns anteriorly from the 
level of the xiphoid process to the lower third of the thighs, over the entire buttocks 
and thighs, over the arms, wrists, and ankles, but not on the legs, forearms, feet, 
hands, shoulders, head or neck, Certain areas were third degree. 

The vaseline dressings were continued. Intravenous medication was attempted 
but was unsuccessful, so 100 ¢.c. of Ringer’s solution was given subcutaneously and 


Fig. 1.—A, View of ulcer 2 cm. from pylorus with gall bladder and liver above, 
duodenum to the left and stomach to the right; B, closeup of the same. 


fluid was begun immediately by mouth and by rectal retentions. During the next 
eleven days before death, fluids were forced. The patient’s temperature for the first 
three days ranged between 38.1° and 38.8° C.; from then on it varied from 38.8° to 
40.4° ©. The first urinalyses and blood counts were taken three days after admission 
when the urine was normal; the white count, 6,600; red count, 4,500,000; and 
hemoglobin 95. No blood pressure reading was recorded, On the eighth day che 
white count had fallen to 4,500 and the red count to 3,800,000. 

At this time a left peritonsillar abscess was found and 15 ¢.c. of thin purulent 
material obtained on incision which on culture showed Strepiococcus viridans and 
Staphylococcus aureus. There was some infection of the burned areas on the but- 
tocks. Swelling of the right forearm was noted at the same time and on the ninth 
day the patient became delirious. On the tenth day albumin and red cells were 
noted in the urine and the swelling of the right arm extended to the axilla and 
both legs were swollen. On the eleventh day there was gangrene of the right 
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hand and no pulsation was felt distal to the right axillary artery. Cyanosis was 
present to the elbow; rales, in the lungs; the white count was 6,300 and red count 
4,300,000; and the patient died without symptoms of abdominal distress and with no 
vomiting after the seventh day. No stool analyses were performed but no gross 
blood was noted. 

Necropsy was limited to the abdominal organs with visualization of the thoracic 
organs in situ. 

Anatomic Diagnosis.—Extensive burns (first, second, and third degree) with 
erusted and moist denuded areas on the trunk and extremities involving about one- 


Fig. 2,.—A, Cross-section of ulcer (X12) in Case 94. Beneath the ulcer to the 
left is a large vessel probably a branch of the pancreatico-duodenal artery. In the 
center is a lymph gland and to the right is the common duct. B, Higher power 
(X35) magnification of the same. Note the absence of cellular or proliferative 
action at the edge of the ulcer. Its margin is sloping and clear cut rather than 
rolled or curled. 


fifth of the body surface. Beginning focal epidermal regeneration. Edema of the 
extremities, most marked in the right arm. Multiple arterial and venous thrombi in 


the soft tissues of the left shoulder, with beginning gangrenous necrosis. Bilateral 
hemorrhages in the adrenal glands. Penetrating acute duodenal ulcer (Curling’s 
ulcer), Generalized pulmonary edema with hypostatie hyperemia. Slight left hydro- 
thorax, Passive hyperemia of the liver and kidney with parenchymatous degeneration. 
Focal subacute proliferative glomerular interstitial nephritis. Focal subacute myo- 
carditis, Left cervical lymphadenitis. Hyperplasia of the spleen. 
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There was no peritonitis and no hemorrhage into the intestinal tract. The 
stomach and pyloric ring were normal. Five centimeters below the latter in the 
posterior wall of the duodenum was a deep, sharply punched out ulcer measuring 
1 em. in diameter as shown in Fig. 1. The duodenal mucosa appeared to be rolled 
under at the uleer margin. The ulceration had progressed entirely through the sub- 
mucosa and muscular layers of the duodenum. The base appeared to be formed by 
a thin layer of fibrous tissue and the lateral walls of the ulcer were only slightly 
indurated. A small amount of pancreatic tissue separated the upper part of the 
uleer from the superior wall of the portal vein upon which it rested. At the margin 
of the lower part of the ulcer only the reflected peritoneum separated it from the 
abdominal cavity. The peritoneum in this vicinity was smooth and of normal color. 
The duodenum was bile stained. The mucosa of the rest of the gastrointestinal tract, 
including that of the rectum, was normal. 


Fig. 3.—A, Hemorrhage in corticomedullary zone of left suprarenal gland in Case 
94 (x500). Numerous erythrocytes are seen between the cords. The same micro- 
scopic picture existed in the gland on the right side only to a less extent. Little 
necrosis is present. B, Higher power (1100) magnification of the same. 


The left suprarenal was dark red in color. The surface made by cutting of the 
cortex was markedly thinned. Instead of being a yellowish color it was gray- 
ish red. The central portion was infiltrated with blood. In one portion in 
the upper pole it was almost completely destroyed by hemorrhage. The changes 
in the right suprarenal were similar but less marked. 


Microscopic.—A section through the ulcer showed that away from the margin 
the duodenum was normal. The walls of the uleer were steep, as seen in Fig. 2, and 
its floor lay well beneath the level of the muscularis. It had the appearance of an 
acute ulcer with almost no inflammatory reaction, although in the neerotie margin 
leucocyte outlines were seen, both mononuclear and polymorph. Two small vessels 
near the floor were almost occluded by intimal proliferation. A larger artery and 
vein a little deeper were patent. There was almost no reaction in the coats of 
the duodenal wall at the uleer margin. Deeper there was a little fibrin in the 
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edematous retroduodenal tissues and a proliferation of fibroblastic cells about blood 
vessels. Sections of the suprarenals showed hemorrhages in the medulla and cortico- 
medullary junction, especially in the reticular and fascicular zones (Fig. 3). 


ANALYSIS OF 94 CASES WITH NECROPSY 


On the basis of the 94 cases, an analysis is made of the type of pa- 
tient attacked, the degree and type of the burn, the symptoms and the 
location and character of the ulcers. No especial seasonal incidence 
was noted. It is of interest that 2 of the patients presented a history 
of previous burn. Welti’s patient (Case 42) was burned several months 
before and Hills’ patient (Case 40), who was now sealded, presented 
sears from an extensive burn received thirteen years before. 

1. Age—The average age in 74 cases was 14.6 years.* The age dis- 
tribution shown in Table III shows a more marked predilection for 
the first decade than this average would indicate, with 61 per cent 
of the cases occurring in this decade. It is quite possible that, as 
Erichsen,’’ 1844, pointed out, this is partly because children were 
burned more frequently. This applies especially to the era when most 
of these cases were reported and burns were mainly home accidents 
to children rather than industrial accidents to adults. The youngest 
patients were those of Ashby,® 1917 (11 weeks, Case 70); Riehl,®® 
1930 (18 months, Case 83); and Wilson,** 1935 (17 months, Case 88). 
The oldest patients were those of Hewett,®? 1848 (66 years, Case 25) ; 
and Perry and Shaw,!? 1894 (70 years, Case 50). 


TABLE IIT 


AGE DISTRIBUTION BY DECADES OF PATIENTS WITH GASTRIC OR DUODENAL ULCER FOL- 
LOWING BURNS 


AGE IN YEARS 0-10 11-20 21-30 31-40 41-50 51-60 61-70 
Number of Cases 45 As 8 1 5 0 2 


2. Ser—In 65 instances the sex was stated and of these 47 were 
females and 18 males. The high incidence in females of 72 per cent 
is possibly because they were burned more frequently in the prein- 
dustrial era when most of the cases were reported. Working around 
kitchen stoves combined with a more inflammable costume are causes 
to be considered. It is quite possible, therefore, that the ulcers oc- 
curred more often in females because they were more frequently burned. 

3. Geographical Distribution—Most of the early ulcers were re- 
ported by authors in Great Britain, but more recently Germany and 
Austria and still more recently the United States have reported the 
majority. Of the 94 cases, Great Britain reported 52 (England, 42; 
Seotland, 6; and Ireland, 4); Germany and Austria, 25; the United 


*This includes five cases that were designated as children and assumed to average 
9 years, and one case that was termed an adult and assumed to be 25 years. 
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States, 8, Czechoslovakia and South Africa, 2 each; and Italy, Canada, 
France, Poland, and Australia, 1 each. Dupuytren reported 1 of the 
earliest cases, but since then there have been none from France that 
were found for this review. 

4. Degree and Type of the Burn.—In 41 instances the degree of the 
burn is stated, 38 being third degree; 2, second degree; and 1 case 
(Case 81), first degree. Several of the third degree burns were of the 
fourth or fifth degree by the Dupuytren classification, leaving exposed 
muscles, fat, tracheal rines, or bones. The area of the burn was usu- 
ally not computed except by Riehl who stated it was 7, 25, 33, and 18 
per cent in Cases 83 to 86 respectively. In some other instances a 
description of the burn indicated that it involved up to even 80 per 
cent of the body surface. It is of interest that practically all of the 
patients, with the exception of Cooper’s Case 7. were of sufficient 
magnitude to be hospitalized throughout the course of the burn. This 
may lead to an error in statistics since as a rule only hospitalized cases 
are necropsied. 

In 52 cases there was sufficient data to tell whether the burn involved 
the abdominal wall or, in a few instances, the lower portion of the 
back. Such involvement was present in 23 cases and definitely stated 
to be absent in 29 cases (abdominal wall involvement, 44 per cent). 
This affords the first statistical evidence against Underhill’s theory 
that local hyperthemia is the cause of Curling’s ulcer. 

In most cases the injury was a true burn and only a few cases, such 
as Cases 7, 18, 29, 32, 38, 40, 47, 48, 78, and 79, totaling 10 cases out of 
94, were scalds. 


5. Symptoms.— 

a. Hemorrhage: Hemorrhage from the ulcer was noted in 27 in- 
stances and was stated to be absent in 15 instances. In 13 instances 
hematemesis was present and in 9 instances it was stated to be absent. 
Melena was present 16 times and absent 7 times. In 8 of these cases 
both hematemesis and melena were present. In most of these cases 
the hematemesis or melena was the only symptom present before death 
and it usually preceded death by only a day or so. Diarrhea was 
present several times without melena. It is interesting that of 36 cases 
with data adequate for analysis it was the panecreaticoduodenal artery 
that was eroded and which caused the hemorrhage in 13 cases. Thus 
in the 27 cases of recorded hemorrhage almost exactly 50 per cent were 
caused by erosion of this artery alone. Collin,’® 1894, in speaking of 
duodenal ulcer not caused by burns. says that the pancreaticoduodenal 
artery was most often eroded (13 times in his series), the right gastro- 
epiploic artery being second (3 times). The usual case for the uleers 
following burns was for the ulcer of the duodenum to erode the pan- 
creas and for either one or two open-mouthed ends of the artery to 
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be seen in the depths of the ulcer. Before making the presence of 
melena or hematemesis after burns an operative indication, it is to be 
remembered, as Erichsen,’ 1844, pointed out, that in many cases of 
congestion of the mucous membranes following burns there is bleeding 
and even at necropsy the bleeding point is not found. This might have 
been the case of another of the 5 patients in the author’s series who 
died of burns. A man, aged 44 years, with very severe burns vomited 
so continuously that a constant suction nasal catheter was placed into 
the stomach. On the seventh day blood came from the catheter in 
small amounts and the same day the patient died with Streptococcus 
hemolyticus pyarthrosis of the left knee. No necropsy was performed. 


b. Perforation: In 14 of 49 cases of duodenal ulcer there was per- 
foration of the ulcer. In only 1 instance did a gastric ulcer perforate. 
It is interesting that of these cases in only 3 was there a definite men- 
tion of peritonitis and in 6 peritonitis was definitely stated to be 
absent. In several instances the opening was covered with fibrin and 
in 1 instance (Case 9) it was tamponaded by the gall bladder. It seems 
that a possible explanation for the low incidence of peritonitis may 
be that the edges of these ulcers have been repeatedly reported as being 
softer than in the usual peptic ulcer where the edges are cartilage-like. 
It is understandable that the walls of a soft-edged ulcer could more 
easily collapse together after the first perforation and prevent further 
escape of intestinal contents. Penetration of the ulcer to or through 
the muscularis or even to the serosa was noted several times. It is of 
interest that in 38 cases with data sufficient for analysis, penetration 
to and exposure of the pancreas in the base of the ulcer was noted 18 
times. (This includes the series of 76 duodenal cases only.) Collin, 
1894, stated that in his series of ordinary peptic duodenal ulcers the 
pancreas played the réle of tampon most often (27 times). 


e. Vomiting: In 31 instances with data sufficient for analysis, vomit- 
ing occurred in 26. It is quite probable that it did not occur in many 
of the cases where a definite statement as to its absence was not made. 
As mentioned above in 13 of these 26 cases, blood was present in the 
vomitus. 


d. Abdominal Pain and Tenderness: Data as to the presence of these 
symptoms are meagre and it is possible that they were not often 
present. In 7 cases abdominal pain was present (Cases 10, 12, 15, 24, 
31, 32, and 59) and in 3 eases it was stated to be absent (Cases 26, 49, 
and 85). Abdominal tenderness was present 3 times (Cases 9, 33, and 
81). 

e. Sudden Onset: In 19 of 44 cases with data sufficient for analysis, 
the first symptoms of ulcer did not develop until within twenty-four 
hours of the time of death. In these cases the patient was progressing 
nicely until hematemeses, ete., supervened and within twenty-four 
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hours he was dead. In a few other cases, while the course was stormy, 
the intestinal symptoms came on only at the end. 

f. Septic Changes in the Burned Arca: In 24 instances mention was 
made of septic change in the burned area or of high fever, metastatic 
abscesses, etc. High fever; exposure of fat, muscle, tracheal rings, 
and bones; and secondary erysipelas, peritonsillar abscess, and pan- 
ophthalmitis were mentioned. Sloughs were frequent. In only a few 
cases was the type of therapy originally used on the burn quoted. 
Flour was used 3 times, bread poultices and carron oil being mentioned. 
Picrie acid was used in Case 77 and tannie acid in Case 87 and possibly 
in a few others. The small number of cases that were treated with 
tannic acid is of interest. 

6. Location and Character of the Ulcers—The most usual site of the 
uleers was in the duodenum. This localization agrees with that of 
previous authors, including Curling’s original report. Of 29 cases eol- 
lected by Thiele,* 26 were in the duodenum and 3 in the stomach. 
Some authors found the stomach to be especially attacked. Novak® 
(Case 77), Dupuytren® (Case 2), and Leonard and Dayton?” reported 
instances of multiple ulcers of the stomach following burns. In the 
present series, of the 94 cases, 71 were in the duodenum alone, 16 
in the stomach alone, and 5 in both; 1 case was in the ileum and 
stomach and another in the intestine and stomach. The incidence of 
duodenal involvement is thus 81 per cent. This agrees with the pro- 
portion reported by some other authors for spontaneously occurring 
ulcers. Ulcers in other parts of the intestinal tract following burns 
have been reported by Hymphrey,?® 1855 (esophagus) ; Fischer,1®* 1893 
(esophagus) ; Sacconaghi?® (ileum) ; and Johnson,‘ 1833 (Case 3, ileum 
and stomach; Case 5, intestine and stomach). 

In 33 instances where the distance of the duodenal ulcer from the 
pylorus was stated, in 26 cases (81 per cent) the ulcer was within 1 
inch of the pylorus. In 18 eases it lay over the pancreas which was 
eroded. 

The incidence of perforation, hemorrhage, exposure of pancreas, and 
erosion of arteries has already been discussed. In several instances 
the uleer was said to be healing at the time of necropsy and in others 
it was said to be definitely acute, as in Cases 53, 75, and 85. 

When the duodenum alone was involved, the ulcers were multiple 
in 23 eases and single in 47 cases. When the stomach alone was in- 
volved, the ulcers were multiple in 6 cases and single in 10 cases. When 
both organs were involved, the duodenal ulcers were multiple 2 times 
and single 3 times and the stomach ulcers were multiple 4 times and 
single once. 

7. Age of the Ulcers.—lIt is, of course, of vital importance to be sure in 
each case that the ulcer did not antedate the burn. Fraenkel,” 1898, 
saw an ulcer following death from a burn in the stomach of a girl, 
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aged 5 years, that he believes antedated the burn. This author reported 
no true Curling’s ulcer in 34 consecutive burn necropsies in nine years. 
Kuttner,* 1908, cited a boy who died of pulmonary embolism seven- 
teen days after a burn with the pathologic finding of an ulcer and 
stated: ‘‘The ulcer is without doubt much older than 17 days.’’ 
Hansemann,!% reported an ulcer in a patient dying two days after a 
burn, but believed the ulcer was at least a month old. Schmorl!® also 
reported an ulcer that he believed to be older than the burn. Perry 
and Shaw,!? 1894, in speaking of one of their cases (Case 43), state 
that to the eye the ulcer had thickening around the edge to an extent 
that would tend to make one believe it older than the burn, but when 
one felt it there was not the induration such as one would expect to 
find in a chronic ulcer. This lack of induration is mentioned by several 
other writers. 

In the present series, in 68 cases with data adequate for analysis, the 
average time that elapsed from the burn until death was 15.4 days. 
It is quite probable that the length of life of the patient was greater 
than the duration of the ulcer. Furthermore, in several instances death 
was definitely not due to the ulcer, in Cases 8 (death at 28 days), 19 
(30 days), and 34 (42 days) it was said to show signs of healing. 
Counting only the 31 cases where the ulcer was associated with definite 
perforation or hemorrhage, death occurred an average of 12.8 days 
after the burn. This figure probably represents a truer figure for the 
time after a burn when one should expect death from an ulcer to be 
most likely to occur. The minimum time interval reported was 18 hours 
by Ponfick,® (Case 38), other low figures being 36 hours by Dupuytren® 
(Case 2), 48 hours by Swan® (Case 1) and Harris*® (Case 78), and 83 
hours by Hills®® (Case 40). None of these cases showed perforation 
and only Harris’ bled so it is quite possible that death was from the 
burn itself and the ulcer had only begun to form. The longest time 
interval reported between the burn and death was 75 days by Hewett** 
(Case 27). Another factor to be considered in calculating the age of 
the ulcer is that in many of the 13 cases where the ulcer had eroded 
the pancreaticoduodenal artery the ulcer showed signs of healing. 
Without the accident of the erosion, the patient might have gone on 
to recovery. Thus, Luke,*? 1844, in speaking of Case 24, says that the 
ulcer showed signs of healing and might have continued to do so if 
the hemorrhage had not occurred. 


DOUBTFUL CASES 


In this review of the literature several references to cases were found 
in the article of Hofmann’ cited by Schjerning,'! 1884, or in the articles 
of Faber’ or Nauwerck' cited by Riehl,*® 1930. Riehl quoted Stern- 
berg as having seén two cases yet this author himself!!? said he had 
seen none. Riéhl also stated that Weidenfeld and Zumbusch,”* 1905, 
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never saw a case, vet these authors report one which is included in 
the present series. The reference for the case of Demme of an uleer 
found seven and one-half hours after a burn also cited by Riehl could 
not be found. Pitt’s,'! 1886, case of superficial erosions of the stom- 
ach found in a man, aged 64 years, dying four days following a burn, 
is not ineluded. The case of Leonard and Dayton,!°? 1917, of a woman, 
aged 52 years, who died the fourth day after receiving the Perey 
‘‘eold iron”’ treatment for carcinoma of the cervix is not ineluded in 
the present report. At necropsy death was found to be due to pulmo- 
nary embolism and there were twenty-four round ulcers 1 to 7 mm. 
in diameter in the stomach extending down to the muscularis, and 
infection was marked in the uterus. The authors stated, ‘‘a mass of 
sloughing coagulated tissue of this type offers an ideal medium for 
the growth of microorganisms . . . once infected the thrombosed ves- 
sels of the region may offer a ready entrance into the system,’’ and 
consider septicemia a possible cause of the ulcers. 


CONGESTION OF THE STOMACH AND DUODENUM 


This finding has been noted by many authors following burns be- 
sides the reports of Cumin,® Dupuytren,® Long,*? Curling,! and Hewett*? 
already mentioned. Bardeleben,!"* 1852; Klebs,™° 1884; Welti,12® 1890; 
Bowlby,!!* 1890; 1893; Dohrn,?? 1901; Kirchmayr,!!® 1922; 
Levin,® 1929; and D’Ewart,!”° 1930, all reported cases. In 63 burn 
necropsies, Schjerning,'! 1884, noted hyperemia of the stomach 10 
times, hyperemia of the intestines 20 times, and ecchymoses of the 
intestines twice. Perry and Shaw,!” 1894, collected reports of 5 cases 
of duodenal congestion following burns. Marchand,”° 1908, noted the 
condition a few times in a series of 50 burn necropsies. It is quite 
possible that some of these cases might have gone on to ulceration, 
especially since some of them, such as the case of Welti, died very 
soon, sixty hours in this instance, after the burn. This was not in- 
variable and some of these cases died over two weeks after receiving 
the burn. 


ULCER OF THE GASTROINTESTINAL TRACT FOLLOWING 
BURNS WITH RECOVERY 


In several instances when death followed some other cause, the pa- 
tient with ulcer might have gone on to recovery. This applies, for 
example, to Case 19 where death from pneumonia occurred thirty days 
following the burn and Case 43 which died of tetanus 13 days follow- 
ing the burn. Cases 8 and 34 are also examples of ulcers that might 
have gone on to recovery. Eichhorst,!*! 1888, reported the necropsy 
of a man, aged 46 years, who died twenty-three years after an exten- 
sive burn of the right thigh with carcinomatous degeneration of an 
ulcer 2 em. below the pylorus. The relationship between the burn and 
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the subsequent necropsy finding is difficult to prove. The oft-quoted 
ease of Simpson,!*? 1889, is even less likely to be an ulcer due to burns. 
The diagnosis of the ulcer was based on the presence of fever, con- 
stipation, and pain and tenderness in the abdomen. 

Thirteen cases of probable ulcer of the gastrointestinal tract have 
been reported, however, as follows: 


REPORT OF CASES WITH RECOVERY 
Case 95.—Hertz and Digby,7é 1913: E. J., a female cook, aged 35 years, had 
hematemesis twenty-seven days after a third degree scald of the left foot. Hema- 
temesis continued for several days; the red count was 2,200,000 and the hemoglobin 
25 per cent; and there was melena until the forty-third day. Two and one-half 
months later the red count was 4,000,000 and the patient recovered. 


CASE 96.—Kirchmayr,119 1922: K. J., male, aged 22 years, had a third degree 
burn of neck, back, and right arm in 1907 for which he was hospitalized fifteen days. 
He had abdominal pain thereafter which interfered with his schoolwork in 1908. 
The pains continued one to two hours after meals until a hematemesis in 1917. In 
1919 an x-ray showed pyloric obstruction and a gastric resection was done for 
duodenal ulcer. 


CASE 97.—Maes,31 1930: A man, aged 48 years, had symptoms of duodenal 
ulcer following a burn of the chest, epigastrium, and legs. Twenty years later an 
operation for inoperable carcinoma of the upper abdomen was done. 


CasE 98.—Clements,!123 1932: A man who was scalded over the entire body below 
the shoulders developed ulcer symptoms eleven weeks later which improved on ulcer 
diet and treatment. 


CASE 99.—Fitzgibbon,124 1932: A man, aged 37 years, had abdominal pain two 
weeks and acute melena five weeks after a burn. Roentgen examination confirmed 
the presence of duodenal ulcer and the patient recovered. (N.B. This patient com- 
plained of some abdominal distress a few months before the accident, but Roentgen 
examination at that time of the stomach and duodenum were entirely negative.) 


CasE 100.—Fitzgibbon,124 1932: An ulcer was diagnosed six months after a burn 
in a man, aged 61 years, and was confirmed by Roentgen examination. 


CasE 101.—Miller and Rubenstein,!25 1932: A man was burned and treated with 
butyn and picric acid. After a septic course with fever to 103° F., melena and 
hematemesis suddenly began on the eleventh day. This was so severe that the red 
count was 2,500,000; hemoglobin was 55 per cent; and the patient was given three 
blood transfusions. An x-ray six weeks later was suggestive of duodenal ulcer 
and the patient went on to recovery. 


CASE 102.—Torchiana,126 1936: A male laborer, aged 55 years, had abdominal 
pain several weeks after a burn of the thorax and Roentgen examination revealed 
a duodenal ulcer. This ulcer perforated after eight months and following a gastro- 
enterostomy and closure of the opening the patient recovered. 


Case 103.—Sherrill,127 1957: A boy, aged 6 years, with extensive third degree 
burns of the trunk and extremities was treated with tannic acid. He was well until 
the seventh day when abdominal pain began. The next day melena began. This 
was so severe that a transfusion was given the ninth day. By the fourteenth ome 
the pain and melena finally ceased and the patient recovered. 


Cases 104-107.—Glover,1°° 1957: Four patients developed an ulcer of the 
duodenum following burns. Three were diagnosed by x-ray and the fourth re- 
quired later gastric resection. 
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The presence of ulcer in all of these cases is not certain. In 8 in- 
stances there was Roentgen confirmation of the diagnosis. In 4 cases 
operation was performed. Epigastric pain was stated to be present 
5 times; melena, 4 times; hematemesis, 3 times; and marked anemia, 
twice. In 2 instances blood transfusions were given. With such a 
small series of cases, the incomplete analysis of signs and symptoms 
in some of them, and in certain instances the long time interval be- 
tween the burn and subsequent development of symptoms and signs 
of the ulcer, the possibility that the ulcers were only coincidental can- 
not be ruled out. 


DUCDENAL ULCERATION FOLLOWING FREEZING 


Foerster,!** 1861, reported the case of a man, aged 20 years, who 
fell asleep in the snow while drunk and froze both feet and died a 
few days later with signs of intestinal perforation. Necropsy revealed 
that the legs were gangrenous and the thighs edematous. There were 
five or six small fresh ulcers of the duodenum, one of which had per- 
forated with resultant peritonitis. There was no induration of the wall 
of the ulcers. The author was uncertain as to whether the ulcers were 
due to the freezing or to the liquor the patient had taken. Adams,}?® 
1863, reported the case of Private C., aged 36 years, whose feet were 
frozen to the ankles with gangrene during the Civil War. Seven days 
later diarrhea and emaciation set in and he died the twenty-second 
day. Necropsy revealed numerous small, irregular, elliptical ulcers 
of the mucous membrane of the duodenum. In speaking of these cases, 
Billroth,®* 1867, stated: ‘‘Both cases were caused according to my 
viewpoint by septicemia and ought not to be attributed directly to the 
freezing as such.”’ 


EXPERIMENTAL 


The experimental work done to elucidate the problem of Curling’s 
ulcer includes reference to the whole mass of work done on the ulcer 
problem as a whole. The work of Hunter,!® 1890, and Me Laughlin, 
1933, has already been mentioned. Parascandolo,!*° 1905; Vassale and 
Seechi;1*! and Busse,®* 1914, injected burn extracts into experimental 
animals and found evidences of congestion in the stomach and duo- 
denum. Mendel,°*® 1870; Andakow,1*? 1876; and Pfeiffer,1*? 1905, pro- 
duced ulcers in experimental animals by burning. The observation of 
Frohner,!** of three accidentally burned horses who died with the 
findings of hemorrhage of the mucous membrane of the stomach and 
intestines with secondary necrosis is of interest in this connection. 
Billroth,®* 1867, reported that sepsis in dogs produced congestion of 
the duodenum. 
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Experiments.—A series of 19 dogs were thoroughly anesthetized with 
sodium barbital an’. then burned. In all cases the dogs died or were 
killed within twenty-1our hours. In only 1 instance was marked con- 
gestion of the intestinal tract noted at necropsy and then it was not 
especially localized in the duodenum. In no case were ulcers present. 
No congestion of the stomach was noted. In all instances the burns 
were quite severe and there was marked blood pressure fall and blood 
concentration in most instances. 


These experiments were performed before the literature on Curling’s 
ulcer was reviewed and it is quite possible that if the animals had been 
observed at an interval of two weeks after the burn, more marked 
changes would have been observed in the intestinal tract. In these 
experiments no animal survived long enough for infection to develop. 
Even if burned dogs are allowed to live for several days, no infection 
develops until secondary necrosis takes place because the burned skin 
of dogs does not weep as in human beings. In 6 dogs where the 
suprarenals were examined postmortem, they were hemorrhagic in 4 
animals (bilateral in 3). In none of these 4 animals were there intesti- 
nal hemorrhages or ulcers. 


SUMMARY 


The occurrence of gastrointestinal ulceration following burns is more 
common than coincidence would allow. A severe third degree burn, 
often of a sloughing septic type, is most apt to result in such an ulcera- 
tion. A decreased incidence of this complication may come from a 
more aseptic handling of burns. The only other therapeutic considera- 
tions are the realization of the possibility of these ulcers and institu- 
tion of the proper medical or surgical treatment of them as is indi- 
cated. Up to the present time, no acute ulcer following burns has 
been treated surgically. 


Children and females are more often affected, but this may be be- 
cause they are more frequently burned. The symptoms of such an 
ulcer may be of rapid onset and include epigastric pain, melena, and 
hematemesis. The average length of life in 94 cases with necropsy 
collected from the literature was 15.4 days. 


The ulcer involved the duodenum alone in 71 cases, the stomach 
alone in 16 cases, and both organs in 5 eases. The ulcer was single 
57 times and multiple 34 times. Hemorrhage was twice as apt to be 
a fatal factor as perforation and the pancreas was often exposed and 
the pancreaticoduodenal artery eroded. 

Thirteen reports of gastrointestinal ulceration with recovery and 2 
reports of such ulceration following freezing are mentioned. Conges- 
tion of the duodenum was frequently reported. 
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Book Reviews 


Diagnostisch—Therapeutische Technik fur den Chirurgen. By Rudolph Geissen- 
dorfer. Unbound. Pp. 509, with 148 illustrations. Leipzig, 1937, Johann 
Ambrosius Barth, Publisher. 16.00 RM. 


This volume written by the first surgical assistant of the Breslau surgical clinic 
is intended primarily for junior surgical house ofticers—for whom it will prove 
undoubtedly a very valuable guide in pre- and postoperative treatment. The general 
practitioner also will find it a good source of reference for diverse matters relating 
to postoperative management. In addition it contains useful chapters on wound 
management and the sterilization of instruments and tables which indicate the 
physiologic dose of drugs commonly employed by surgeons. There are sections deal- 
ing with the technique of counting blood cells and the methods of chemical analysis. 
To one unacquainted with the German plan of acquiring training in a clinic, these 
latter chapters may seem out of place. When one recalls that all diagnostic measures, 
including laboratory procedures, are done by the surgical assistants in the clinie, 
this invasion of what we would consider another pedagogic province can be under- 
stood. 

The author has set himself the task of supplying junior house officers with a use- 
ful handbook which will supply their every need. He has succeeded admirably in 
bringing together in a small compact volume a great deal of information on a 
large variety of subjects which will prove very helpful to the young surgical 
aspirant. 


Atlas of Skeletal Maturation. By T. Wingate Todd. Pp. 203, with 75 illustra- 
tions. St. Louis, 1987, C. V. Mosby Co. $7.50. 


To establish standards of skeletal maturation for the osseous system is an under- 
taking requiring almost Herculean effort to overcome the many obstacles which beset 
such an investigation. To obtain standards which would be irrefutable, it was neces- 
sary first to select a group of patients whose ages ranged from infancy to the adult 
life. The ages from three months to sixteen years were adopted. It was necessary 
to keep this group of individuals as far as possible under constant surveillance. 
The investigation also involved the study of variances in different races, as well 
as the variances in environment, mental development, parentage, economic stand- 
ing, stature, weight, and health of the entire group, which number 4,000. This 
was done to eliminate as far as possible the percentages of error. 

To review over one-fourth million roentgenograms was in itself a tremendous 
task and could have been accomplished only by a tenacity of purpose and an in- 
defatigable industry, all of which was portrayed by the author and his coworkers. 
As stated by the author, it was necessary to review, assess, segregate, and review 
over and over again, as well as assess and reassess, before the final standard of 
maturation was accepted for publication. The author was the final judge and it 
was therefore necessary for him to review over one-half million films. 

The atlas gives only the standard of skeletal maturation for the hand of both 
sexes. The ages of both sexes included infants of three months of age to individuals 
of sixteen years. The limit of sixteen years was adopted as demonstrative of matura- 
tion in the adult. 
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The atlas is well illustrated with seventy-five roentgenograms of the skeletal strue- 
ture of the hand. They are clear, easily interpreted, and are reproduced flawlessly. 
The first two chapters of the atlas are descriptive of the technical terms used and 
the explanation of the many trying difficulties that were overcome. The remainder 
of the atlas contains the flawless reproductions of the roentgenograms, first of the 
hand of the male and second of the hand of the female. On the page opposite 
each roentgenogram there is a description of the maturation of the skeletal strue- 
tures of the wrist and hand. 

The paper is of excellent texture and the type of print facilitates easy reading. 
The binding is well done, for which both the author and the publisher are to be con- 
gratulated. 

The atlas is indispensable to the radiologist as a standard of comparison as well 
as to all physicians whose duty it is to interpret and treat traumatic and diseased 
states of the skeletal structures of the hand. The atlas is highly recommended 
without reservations. , 

a 


Elements of Orthopaedic Surgery. By N. Ross Smith, Orthopaedic Surgeon, 
Cornelia Hospital, Poole, Australia, with foreword by R. C. Elmslie, Orthopaedic 
Surgeon, St. Bartholomew’s Hospital. Cloth. Baltimore, 1937, William Wood 
and Company. $4. 


The natural reaction that one has against small textbooks is quickly overcome 
on reading this work; and, although it is intended more for the general may and 
student than for the specialist, it can be read with profit by the latter also. 

The field is covered in a remarkedly thorough way and, although the technique 
of treatment is not discussed in detail except in a few instances, the principles are 
well brought out and indications given. The chapter on postural deformities is 
excellent and the two chapters on fractures are concise and very well conceived. 

The book can be recommended to all those interested in orthopedic surgery not 
only as a guide for further reading but also as a source of abbreviated but definite 
information on the subject. 


Operative Surgery, the Ear, Air Passages and Neck. By Dr. Martin Kirschner 
(with the collaboration of A. Lautenschliger and O, Kleinschmidt). Authorized 
translation by 1. 8. Ravdin and George M. Coates. Pp, 528, with 460 illustrations. 
Philadelphia and London, 1937, J. B. Lippincott Company. $10. 


This, the third volume in the operative surgery series of Professor Martin 
Kirschner, of Heidelberg, is worthy of the distinction of appearing on the shelf be- 
side its two illustrious predecessors. This volume appears in two parts; the first 
relates to operations on the ear, the nose and its appendages, the pharynx, larynx, 
trachea, and bronchi. This section is written by Professor Lautenschliger, of 
Berlin, and is edited and translated by Dr. George M. Coates, of Philadelphia. Part 
Two concerns operations on the esophagus and other structures of the neck and is 
written by Professor Kleinschmidt, of Wiesbaden, and is edited and translated by 
Dr. I. 8. Ravdin, of Philadelphia, who also sponsored the appearance of the first two 
volumes in English. 

The approach to the description of operative procedures is distinetly anatomic. 
The influence of years of contact with cadaver surgery in the teaching of applied 
surgical anatomy to medical students, an exercise to which every academic German 


surgeon is thoroughly exposed, is immediately apparent. The anatomic plan of 
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operation so well elucidated by the authors is worthy of careful study. Physiologic 
considerations relating to the operations described, however, are often totally ignored 
by the writers. In the section on the neck, some of the obvious omissions have been 
repaired in part by the insertion of short pertinent sentences by the editor. 

The illustrations, of which there are a large number, are beautifully done in 
color and add much to the effectiveness of the descriptions. How often American 
authors have occasion to be envious of their continental colleagues whose publishers 
permit them to use illustrations in color so generously. 

A serious omission, the reviewer feels, is failure to append a_ satisfactory 
bibliography. Scores of names (largely German) are cited throughout the volume, 
but where these references are to be found is not intimated. The usefulness of the 
volume would have been increased several fold to the critical student of surgery by 
the proper insertion of suitable references. 

The volume can be whole-heartedly recommended to any serious student of surgery 
having an interest in the subject matter. 


Megacolon und Megacystis. By H. W. Passler. Unbound. Pp. 172, with 67 illus- 
trations. Leipzig, 1937, Johann Ambrosius Barth, Publisher. 15.60 RM. 


This little volume brings together more information on the subject of megacolon 
than has been assembled previously. It deserves to be read and studied widely. 
It summarizes authoritative information concerning the origin and treatment of 
megacolon. The author recognizes a ‘‘symptomatic,’’ and ‘‘idiopathic’’ megacolon. 


He observes that idiopathic dilatation of the bladder attends idiopathic megacolon 
occasionally. 

The well-known papers of Ask-Upmark, Anschiitz, Konjetzny, Lehmann, and 
Neugebauer on the subject of Hirschsprung’s disease are reviewed. Among direct 
attacks upon the diseased segment of the bowel, the author favors exteriorization and 
resection of the colon, although he admits that the lower portions of the pelvic colon 
cannot be removed by this method. Yet the remote as well as the immediate (lower 
mortality) results appear to be better by this method than by the one-stage resection. 
The suggestion of Wade and Royle to perform ramisection for this disorder has 
superseded all other operative procedures, however in the relief of megacolon when 
a demonstrable mechanical obstruction is not present. Of the operative attacks upon 
the sympathetic nervous system for the relief of obstipation attending megacolon, 
the bilateral lumbar ganglionectomy of Adson appears to give better remote results 
than do the more limited operations of Learmonth or the unilateral extraperitoneal 
excision of the left lumbar sympathetic chain. 

There are two inaccuracies to be corrected, which do not invalidate the value of 
this important monograph, which should be called to the reader’s attention: (1) 
The writer: describes exteriorization of the pelvic colon as the Mikulicz procedure, 
which it is not. True, Mikulicz did a good deal to popularize this mode of operation 
when he first described it in 1903 (Arch. f. Chir. 69: 29, 1903) in reporting cases of 
his own. Yet, Bloch, the Danish surgeon, had described it well as early as 1892 
(Nord. med, Ark. 2: 1, 1892). (2) The upside-down position in determining the 
extent of imperforation or atresia of the anal canal and rectum by roentgenography 
which the author ascribes to Zenker (Chirurg. 6: 570, 1934) was first described by 
Wangensteen and Rice (Ann. Surg. 92: 77, 1930). 

The text is accompanied by a complete and useful index. The text can be recom- 
mended highly to anyone who has an interest in this subject. 
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